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PREFACE

This study Tlays the foundation for profit improving, cost effective
energy management programs. Faced with rising energy costs and fuel
shortages, many industrial Teaders are emphasizing the growing need
for cost reduction through energy management. However, many managers
are not adequately informed of potential energy saving techniques to
support an effective energy management program. This study, consisting
‘of an energy manual and an interactive computer program, sensitizes
people to the present energy situation, discusses the design and im-
plementation of energy management programs and analyzes four major |
energy saving techniques--power factor improvement, demand control,
temperature control, and ventilation control.

I would Tike to express my sincere appreciation to my major
~advisor, Wayne C. Turner, whose guidance throughout my residency at
Oklahoma State University has been invaluable. In particular, for
being a friend as well as a professor.

.Finally, the deepest appreciation is expressed to my wife, Sandra,
without whose encouragement, understanding, and hard work this study
would doubtfully have been comp]éted, and to my mom and dad who gave

me the opportunity to attend this establishment.
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INTRODUCTION

Problem Statement

Energy costs are skyrocketinngith no immediate relief in sight.
In fact, some predict fuel costs to increase three to ten percent
above inflation, meaning energy costs are increasing both absolutely

1 To further illustrate the severity of the present

and relatively.
energy situation and to demonstrate the necessity of dynamic energy
managment programs, domestic oil production peaked in 1970 and U.S. .
gas preduction in 1974. However, this does not mean the U.S. will
not enjoy brief minor subpeaks, (e.g., the Alaskan field), but it
does indicate the total U.S. gas and oil production is decreasing.

_ Another eXamp]e, in 1970 the U.S. 1mpofted just 23 percent of her
petroleum needs; recently, howeveb, this figure has jumped above 60
percent on several occasions. Therefore, there is no question that
energy costs are and will continue to drastically increase and that
future supplies are Tikely to be undependable.

Industry, consuming about 40 percent bf the total U.S. energy
supply, is the most adversely affected by the energy "crisis". Many
manufacturers are, therefore, interested in reducing energy costs;

- but, the technology, though not new, is not widespread or applicable
to all industrial situations. Energy problems have no common solution,

as the problems confronting a small to medium size industry are dif-

ferent from those faced by larger manufacturers. Similarly, problems

1Statist1cs used can be found in the bibliography especially (10),

(26), (27), (42), and (43).
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vary between industrial c1assif1cations, For example, many of the
solutions for the printing industry will be different from those
tailored to a small metal manufacturing company.

An organized effort by industry in the U.S. is needed to effec-
tively combat the growing energy problem. A study, analyzing present,
cost effective energy management ideas, effective over a wide variety
of industrial situations, is essential to the success of this manage-

ment effort. The problem then is the lack of basic knowledge throughout

industhy on how to cope with the energy crisis. - This vacuum is par-

ticularly strong in small to medium sized concerns.

Objective of Study

The major objective of this study is to develop an energy manage-
ment training‘scheme; consisting of a training manual, analyzing the
e1ements of an effective energy management program and an interactive
computer simulation of potential energy management opportunities.
Specifically, the manual is divided into three modules--the energy
management program and two energy management opportunity areas, elec-
tricity usage and heating, ventilation and air conditioning control.
The causes of energy problems, their 1mpacf upon an industrial facility
and potential improvement techniques for various situations will be
analyzed.

The interactive computer simulation, integrated with each energy
management opportunity module, aids the user in understanding the
economic justification of potential energy saving ideas. Programmed
flexibility of the computer simulation, allows the user to enter
specific data for modeling a variety of manufacturing facilities

and environmental surroundings.
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Guideline objectives of thfs study are to sensitize people to
the current energy situation and to train, those interested, in current
energy management techniques. A major thrust of this effort is to
provide an experimental teaching medium for courses in Industria] Energy
Management in the School of Industrial Engineering and Management at
Oklahoma State University. The workbook, analyzing potential energy
problems, will familiarize students with "real wor]d“ industrial situa-
tions and the procedures for economic analysis will demonstrate methods
for project selection. Students will also, through use of the computer,
gain a greater appreciation for interactive computer programming.
Similarly, this study will aid small to medium size industry
across the state of Oklahoma in the selection of cost effective energy
management ideas. Through the Oklahoma Industrial Energy Management
Program, which is working closely with companies statewide, many of
- Oklahoma's businesses will utilize the computer simulation to help
evaluate proposed energy saving ideas. Finally, the study will sup-
plement the Industrial Energy Management Program material, adding numerous

references, illustrating current energy saving techniques.

Motivation for Study

American industry is responding to the cha11enge.presented by the
current energy situation, partially illustrated by the fact that indus-
trial consumption relatively has dropped, so that, residential consump-
tidn is now higher than industrial energy demands. This can be attri-
buted to a growing interest, by all larger manufacturing concerns. How-
ever, many interested facility managers are not adequately informed

about energy saving techniques, to implement cost effective energy
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management opportunities. This Study is designed to aid these managers
in the understanding and selection of cost effective energy saving
ideas. A portion of the study, an interactive computer program, will
perform some of the calculations necessary to evaluate the cost effec-
tiveness of proposed ideas; thus helping managers rank prospective
management improvements. The OkTahoma Industrial Energy Management
Program, based at Oklahoma State University, will be the distribution
center for this effort.

In the academic atmosphere, recent attention has focused on
current energy management techniques. This study will provide a
medium for students and instructors to experiment with various in-
dustrial situations, gaining a greater sensitivity and knowledge of

the energy picture.



REPORT STRUCTURE .

Training Modules

The training manual is organized into three basic modules--the
energy management program, electricity usage, and heating, ventilation
and air conditioning control. The energy management program module
discusses the sequence of steps to design and properly implement an
effective energy management program. Cost effective energy management
opportunities are presented and four, designed for growing programs,
are highlighted.?

The second training module, electricity usage, describes various
industrial utility rate structures and emphasizes each of the major
components affecting consumers. First, power factor is defined, its
éauses analyzed and several methods of power factor improvement are
discussed with an economic analysis of capaﬁitor placement. Second,
'the aspects of demand charging, the costs, impacts on industrial faci-
1ities, and potential savings are presented. A computer simulation of
two identical facilities, one with demand control and one that is un-
controlled, illustrates the potential savings available.

Heating, ventilation and air conditioning control, the third
module, demonstrates the substantial savings availab1e.through thermo-
stat control and reduced ventilation requirements. A number of energy
management techniques, all requiring 1ow capital expenditures, are
| ana1yzed under the subsections--temperature control and ventilation
control.

The training manual is organized in an accepted formal Master's

Report structure. However, the three modules have been prepared to

2The modular construction of the training program allows for additional
ideas to be easily added in future research.
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stand alone also, for use in conferences, workshops, classrooms, etc.
At the interface between the modules and the introductory material,
there is a change in writing styles to correspond with the anticipated
audience.

There are countless proven cost effective energy saving ideas,
many of which require capital expenditures and engineering design
with paybacks often less than three years. Due simb]y to the vast
scope, other energy saving ideas will not be discussed in this study
as this training manual will emphasize initial, Tow cost, quick pay-
back energy management ideas. The bibliography contains many references
'designed for specific energy saving techniques, including insulation
sizing'and placement, lighting, boiler management, steam and hot water

usage, and applications of waste heat recovery.

Computer Program Interface

- The Computer program, the "Energy Simulator", plays an integfa1
part in this energy management study. Within each energy saving module,
the computer will execute an examp1e problem and/or allow the user to
model a particular situation using case specific data. The user should
first execute the example problem on the computer, then if there are
questions, consult the example section in the energy hanua]. The pro-
gram, designed to prompt the user when data needed, has the following
~energy management subjects simulated--Power Factor Analysis, Demand
Cohtro1, Temperature Control, and Ventilation Control.

The program structure, written in FORTRAN, has. a separate sub-
routine for each energy management module, thus, allowing easy expansion
in the future. The first subroutine, Power Factor Analysis, calculates

" the present power factor penalty costs. The~computer simulation, il-
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Tustrating capacitor implementation, calculates the required sizes

} of capacitors and their corresponding installation costs. Using these
costs and the present penalty costs the payback3 is determined; however,
this routine is not an optimum seeking procedure, but, the user can
simulate several models and compare payback periods.

The demand control subprogram simulates, using two uniform dis-
tributions, a predetermined number of electric motors operating during
an eight hour work period. A random number generator assures that each
motor has an approximately equal chance of operating during any one
minute interval. Initially, the motors operate unconstrained and the
highest power demand during the day is determined. Using this value
and based upon an Oklahoma utility rate structure for medium size
industry, the-monthly utility bill is calculated. For comparison, the
motors are simulated under the same conditions except a demand limit
is set. That 1s,'motofs are turned off as the power demand approaches
the set demand limit. The highest power demand encountered is again
determined and the associated utility bill calculated. The two monthly
utility statements, when compared, show a substantial energy and monetary
savings potential when using a demand control device.

Substantial savings, by merely controlling thermostat levels can
be realized by industrial facilities, as illustrated by the temperature
control subroutine. By adhering to recommended standards industry can
continue productive processes while reaping savings on its cooling and
heating utility bills. The input data allows the user to control

various parameters including temperature changes, hours of -adjustment,

‘3Payback is used instead of internal rate of return because of its

general acceptance in all Tevels of manufacturing.



and energy requirements of heating and cocoling systems.

The ventilation control subprogram illustrates two potential
savings--reduced energy requirements for conditioning outside make up
air and reduced ventilation fan operating time. The program calculates
potential savings as well as approximating potential horsepower re-
duction in ventilation units. The system design is relatively simple
and the savings are impressive; however, the engineer must work closely

with accepted OSHA ventilation standards.



FACILITIES MODEL DESCRIPTION

This section will not describe in detail the energy usage of
industrial facilities. It will set the foundation for energy manage-
ment, discussing some common characteristics and problems encountered
by many facilities.

The energy problems encountered by small to medium size industry
are different from those prob]ems confronting larger manufacturing
company. In Oklahoma, many of the larger facilities, feeling the im-
pact of the energy situation, have cngoing energy management programs.
However, many smaller manufacturers are not aware of their energy costs
or do not feel present costs are large enough to warrant attention.

As energy costs continue to escalate, energy management programs are
and will continue to be obvious effective methods of cost reduction.
Pfoven_firsf year-savings, requiring m{nimum capital, range from five
to fifteen percent, as well as, providé related improvements, such as,
better quality products, increased environmental standards, etc.

Oklahoma industry, 1ike all industry, cannot be classified into
"typical" facilities; however, there are building and operating charac-
teristics common to many. If the.plant is cooled, the air is conditioned
usually by thermostatically controlled roof units. Space heating is
often perfbrmed by forced air radiation units and/or direct fired gas
-~ heaters and the rocfs of most manufacturing plants are pierced with
ventilation fans, many stuck open or poorly Eontro11ed. The insulation
quality is medium, meeting established standards ten years ago and the
lighting is usually fluorescent or mercury vapor in high bay areas.

Most industrial facilities are billed on a rate structure penalizing
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poor power factors and high power demahds. Energy saving potentials
in such facilities are substantial.
The first step to energy cost reductions is to establish an energy
management program. A total committment, from top management down
to individual floor workers is absolutely necessary to insure success.
Eventual program savings of 30 percent are common with isolated in-

stances as high as 60 percent savings.
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ENERGY MANAGEMENT PROGRAM

Program Objectives

A portion of the American Instjtute of Industrial Engineer's
formal definition of industrial engineering reads, "Industrial En-
gineering 1is concerned with the design, improvement, and installation
of integrated systems of men, materials, equipment, and energy."

The word "energy", recently added, emphasizes the concern with the
energy situation and illustrates an eagerness and an obligation to
confront the problem. The United States Department of Energy recently
said, "The days of simply worrying about material and labor are overl
Energy has become the third dimension."

Energy management is defined as the judicious and effective use
of energy towards the accomplishment of some objective(s), or more
“simply, it is utilizing energy wisely to improve the company's com-
petitive position. The four broad objectives of an energy management
program are, to maximize profits, to conserve energy, to prepare con-
tingency plans in the event of fuel curtailments and to plan fuel
storage and potential security and stand by requirements.

Industry is primarily concerned with cost effective, energy

saving ideas; therefore, conserving energy, though a welcomed by-
product, is not the primary objective. Competition for available
capital is high, therefore, ideas must economically justify themselves

before implementation.

Program Design and Implementation

Initial design is the critical phase of an energy management pro-

gram, as top management must show their committment to insure its success.
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Management has available numerous ways to demonstrate this dedication.
Plant meetings and newsletters, involving all facility personnel,
discussing current and proposed projects are excellent ways of ini-
tiating energy management programs. Rewarding cost effective ideas
will often motivate employees to investigate potential ideas related
to their activities and most importantly, management must fund cost
effective energy saving ideas, as nothing will damage a program worse
than overlooking proven cost effective proposals.

Management must appoint as the energy coordinator, a dynamic
individual, with full responsibility for the program. This person
should be a strong leader and a good manager. In large companies the
energy‘coordinator should be a full time position; however, in smaller
industries the coordinator may be the plant manager and share two
responsibilities. Depending on the complexity of the energy program,
the_energy manager may‘se1ect a committee to help implement the pro-
gram. Possible committee members include, industrial engineers, plant
engineers, maintenance personnel, f1oqr workers, etc. Most importantly,
the committee must have dynamic creative people, willing to work. The
more people involved with the program, inputing their ideas, the more
1likely the program is to succeed.
| The energy management program must develop a uniform method of
accounting énergy costs. The Oklahoma Industrial Enengy Management
kProgram, (OIEMP), defines this procedure as a "gross audit"; its pur-
pose being to determine how much money is being spent on energy and to
determine what energy sources are being used. Figune I , shows an
example gross audit form, developed by the OIEMP, being used in businesses

~across Oklahoma. As illustrated, under each energy source--electricity,



Date of Audit

GROSS " ALL ENEMGY

xte of Last Al AIT OF RESCURCES Form A

- Units ectriclty Gaso’ ine Type: Other Fuels Monthly Totals

— of :
Month IV Demand Power Total | (2)x A Total | (7)x B (10)x C ( al'”’}{?’ BTU (6)+{9)¢+ 57)6(10)0
' Prodction | M |Gl | Billed | Factor | Cost | BIUMb. | KF | Cost | BIUM.| Galln | Cost | BIUpMo. B e | cost | MiEE |G2209) (a3peae) | Q8
) @ o) 0) (s) ® | 0 @) ® | ao any | an | ay a9 5 it BW;Z%“ %?;% (%E)S i Corments

oTAL
Conversi .

Eactors A = 10,000 BTU/ORH B = 1,000,000 BTU/KCF C = 130,000 ETU/GAL o= ‘‘'S-Tec—fi.’y_‘—_"m/U“it

€l

OIEMP Gross Audit

Figure I
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natural gas, and gasoline--a more detailed analysis is necessary to
determine the total energy costs including any related penalties.
Within each source division, the energy units, kwh, kcf, etc., are
converted to BTU's to facilitate comparisons of energy sources.
Finally, an energy utilization index, (EUI) a ratio of energy con-
sumed per unit of end product, is determined for each billing period.
The EUI measures the effectiveness of an energy management program
as the BTU's consumed decreases while the units of production, such
as, tons of steel, number of tires, square footage of plant area,
etc., remains relatively constant. (Comparing energy costs, because
they are constantly rising, will not give a fair evaluation of an
energy management program.) Therefore, the'month1y EUI can be used
to monitor the progress of the energy management program, since the
EUI will reflect the decreased energy hecessary to produce the final
product.

An effective energy management program will establish goals and
share them with all company employees as, energy savings ideas, from
all levels of personnel, should be'given attention. An abundance of
ideas are also available in numerous publications by both government
and private organizations. Pages of energy saving ideas have been
published for management programs to use as guidelines for selection
of ideas for their particular situations. Conferences and workshops,
presented regularly around the country, are also excellent sources
of information.

After the program has yielded savings and employee interest has
grown, a more detailed ana]ysis'of the facility energy consumers is

needed. The energy usage of individual consumers, machinery, HVAC
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systems, lighting, etc., should be calculated to help pinpoint poten-
tial energy management opportunities. More information concerning
audit procedures can be obtained in (26), (42), (43), and (44).
Initial energy management programs should concentrate on quick
payback energy saving ideas, as substantial savings can be realized
by numerous no-cost, lTow-cost management opportunitjes. This study
will now analyze four such ideas--power factor improvement, demand

control, temperature control, and ventilation control.
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ELECTRICITY USAGE

Utility Rate Structures

Industrial rate structures generally include schemes for penalizing
poor power factors and’high electrical power demands, as well as,
conventional consumption charges and various fuel cost adjustments.
Though often overlooked, power factor penalities and demand charges can
be substantial amounts of an industrial electricity bill. Briefly,

é power factor is a measure of how efficiently a consumer is using
his electricity. Demand is defined as the instantaneous charge on
the utility for electric power. (See Appendix B for typical Ok1ahom§
electricity rate structures.) Utility rate.structures will vary from
one power company to the next; however, the ideas presented in this
module are applicable to all industry. -

Consumption charges reflect the total electrical requirements of
a billing period. Many utilities scale the costs of electricity ac-
cording to a monthly usage, Table I; as the electricity requirements
“increase, the corresponding costs per kwh decrease. Other utility
companies offer rate structures tp large electrical consumers allowing
them the option of a demand clause basis, where the costs per kwh are
generally smaller than conventional, but an additional demand penalty

charge is included.

First 15000 kwh per month @ 2.968¢ per kwh

Next 17500 kwh per month @ 2.378¢ per kwh
Next 37500 kwh per month @ 1.897¢ per kuh
A11 additional kwh per month @ 1.640¢ per kwh

Electricity Pricing Profile

Table I



17

Power companies, in isolated regions of the U.S., are billing
on "time of day structures", where the costs of electricity are higher
during the working day but offer substantial savings during night
periods. These clauses emphasize the need to industry for well sche-
duled power usage, thus, Towering both consumption and power demand
profiles.

High electrical power demands are often penalized by utility com-
panies. Different charging seasons, where the penalty costs vary are
imposed by most rate structures. For one utility in Oklahoma, the On-
Peak Season is from June through October and the demand charge is $2.20
per kw; whereas, during the Off-Peak Season, November through May,
the charged amount is only $1.55 per kw. The exact billing requ-
lations, costs, demand limits, measurement periods, etc. vary; however,
demand charges are a substantial portion of the energy cdsts and there-
fore represent a substantial energy management savings potential.

Power factor penalities represent another large portion of an
electricity bill. Power factors below established standards, usually
near 0.80, are heavily penalized, while power factors greater than 0.80

are often rewarded, as illustrated by the following Oklahoma scheme.

ENERGY COST = BILLED DEMAND X [9'89/PRESENT POMER FACTOR:]X COST

where cost ranges from $2.20 to $1.55 per kw. In this scheme,
the power factor charge is based on the demand charge; however, some
bi1ling structures have specific rates for corresponding levels of
power factor. Details of power factor penalizing will vary but im-

provement techniques are common throughout industry.
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Power Factor Analysis

Power factor improvement is not difficult, with several methods
available, and widely used in industry. Its improvement can yield
substantial monetary savings as well as increasing plant capacity
and motor performance. First, the engineer must investigate the causes

of poor power factors, then examine methods for its improvement.

Definition of Power Factor

Many industrial facilities are penalized fqr operating with poor
power factors. Again, power factor is how efficiently a consumer uses
his electrical energy. Electrical power is represenfed by a mathe-
matical relationship of three components, Figure IT, KVA, KW, and KVAR;
where KVA is the product of the measured voltage and amperage; KW is
the amount of'"usefu1“ power available at the motor; and KVAR is the
cbmponent cdmprisjng the magnetic powef required by reactive loads.
Poor power factors are penalized because utility companies must supply
this KVAR component thereby, decreasing the line capacity for trans-
mission of useful power. As the KVAR component decreases, the measured
and actual available power, approach one another. Therefore, when the
KVAR is equal to zero, a power faétor of uhity, the measured KVA is

equal to the "useful power," KW.

Causes of Poor Power Factors

Poor power factors, for example, below .0.80, are usually caused
by induction motors, fluorescent lamps, air conditioning units, welders,
and other inductive devices. Perhaps, the most common source is opera-
ting electric motors at partial loads, as motors do not operate at 60

percent load as efficiently as at 85 or 100 percent load. This is
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Cos& = KW =PF

KVAR
(Reactive Power)

KW (Useful Power)

Electricity Component Relationship
Figure I1

demonstrated in Figure III. Many facilities, when designing electric

motor systems, oversize motors as a safety factor; however, this prac-
tice is not 1ife cost effective, because of increased consumption and

power factor penalty charges.

‘The effects of poor power féctors are varied, including overloaded
electrical distribution systems, reduced voltage levels, reduced Tighting
outputs, sluggish motor operations and most importantly, substantial
penalty costs. Penalty costs differ, depending on the utility rate
structure; for example, they are sometimes based on the "demand charge"
as shown earlier, while other utilities 5111 according to the total

KVAR supplied, or according to schedules based on KW/KVA, a higher

ratio would lead to a Tower per unit charge.
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Power
Cufrent Working Factor
Current
Reactive
Current
Load Load

Power Factor of Induction Motors
Figure III

Power Factor Improvement

There are several methods of correcting poor power factors, two
of which are properly sizing motors to load requirements and installing
capacitors to supply necessary magnetizingvcurrent. New facilities
should particularly concern themselves with properly sized equipment,
synchronous motors, synchronous condensers, energy efficient motors,
etc.; whereas, existing facilities should investigate the potential
of capacitor implementation. Although, synchronous motors and cen-
densers may be used in retrofit‘app11cationg, this study will focus
on the proven cost effectiveness of capacitors.

A capacitor, which receives and sfores electrical charges, can

supply the magnetizing current required by an electric motor. As
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the capacitor supplies the required KVAR, the feeder line behind the
placement, freed of its KVAR requirements, increases in capacity.
Therefore, the nearer the capacitor placement to the problem source,
the more the electrical system w111-be cleared of its magnetizing re-
quirements.

There are primarily three basic positions for piacement of capa-
citors--on the line side of the electric meter, on the main feeder
Tines within the facility, and on individual motors. The Tlatter two
will be emphasized in this study. Placing capacitors on individual
motors is perhaps the most expeﬁsive of the three methods, primarily
due to larger capital requirements and increased installations costs.
However, it does release the electrical distribution system of its
KVAR requirements, thus increasing plant power capacity. Therefore,

" when plant expansion is a future possibility and increased electrical
capacity is required, capacitor placement on individual motors should
be considered. (Motors have an upper capacitance Timit. When en-

“countered, the largest possible size capacitor should be placed on the
motor and the remainder of the KVAR requirements supplied by capacitors
on the feeder lines.) |

As mentioned previously, capacitors may be placed on main feeder
lines where there are several advantages. First, the implementation
costs are usually less and second, the overall power factor per KVAR
capacity is improved more than with individual motor placement. The
disadvantage is, however, the plant powerbcapacity is not greatly
increased. This study will analyze capacitor installation on facility
feeder lines; but, calculations for individual motor placement are

very similar.
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Capacitor Sizing

Capacitor sizing 1is very critical as, too large or too small
of capacitor ratings will result in continued poor power factors.
Sizing capacitors is relatively easy if the following design procedure
is closely followed.

First, the voltage and amperage must be measured and the present
power factor determined. (Many times the utility company will supply
this information.)

Step 1: Calculate the total power, KVA

KVA = VOLTAGE/{OOO X AMPERAGE

Step 2: Calculate the available power, KW
KW = KVA X PRESENT POWER FACTOR

- or if nameplate data is available

= HP X .746 K%/QP

Step 3: Calculate the present magnetizing current, KVAR

VAR = Y (KVA)2 - (Ku)2

Step 4: Knowing the desired power factor and keeping the
useful power, KW, constant, calculate the desired KVA

KVA' = KW/DESIRED POWER FACTOR

Step 5: Calculate the desired KVAR

KVAR' = ﬁ (KVA")Z = (ku)?

Step 6: Calculate the necessary KVAR to be supplied by capacitors
KVARn = KVAR - KVAR'
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At the present time, the cost of capacitors is approximately

$18.50 per KVAR, according to a major Oklahoma utility company.

Computer Application

The following example is simulated on the computer. STOP -
try it, get comfortable with the program. If you still have questions,
then review the example. The program will model most situations but

has a rigid procedure that must be followed.

Step 1: After reaching the READY mode, enter

EXEC ENERGY.

Step 2: vFrom this point, the computer will prompt the
user as necessary. Enter values, if asked, after
the computer p]acés a ?. Important!! When entering
decimal values, place a zero before the decimal point
(e.g. 0.8 not just .8) To use the power factor

routine, enter a I when appropriate.

Power Factor Analysis Example

A medium size metal fabricating plant in Perry, Oklahoma utilizes
a large number of overly sized induction motors and welders. Lighting
is furnished by several hundred eight foot fluorescent Tights. At
the present'time, the facility is paying a penalty fof bad power fac-
for, that is, below 0.80. There are no long range plans for plant
expansion; therefore, management is considering capacitor placement

on the main feeder line.
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Data

Average Billed Demand 200 KW

Penalty Cost $2.00/KW-month
Voltage ' 440 volts
Amperage ‘ . 900 amps
Present Power Factor 0.5

Desired Power Factor 0.8

Electrical Phase 3

Procedure:

First, determine the penalty cost

4

PENALTY COST = (BILLED DEMAND X O'%/éRESENT POWER FACTOR) X COST

(200KW X 0.3/6 5) X $2.00/KW/month

$640.00/month

Now ccalculate current conditions

KVA = (440volts x K%/QOOOV X 500 amps) X * 3
= 381 KVA

KW =381 X 0.5
= 190.5 K

KVAR = »{(381)2 - (190.5)?

330 KVAR

Using the desired power factor, 0.80 (just an example) calculate

desired conditions.

4Rating scheme of a major Oklahoma utility



25

KVA' = 190.5/b.8
= 238KVA
KVAR' = 4 (238)% - (190.5)%

143

Finally, calculate the necessary KVAR
KVARn = 330 - 143
= 187 KVAR

'——_—ﬁt'-
[a'4
<
>>4 .
&
Cos&y = .50 o
Cos€, = .80 _— T
’ 238 KVA-—"
// =
— =
D~
3
A 190.5 KW :

KVAR Reduction Relationship

Figure IV

The new monthly cost will be

© COST (200 KW X O.%/b.8) X $200.00/KW/month

$400.00/month

The capacitor cost will be

COST = 187 KVAR X $18.50/KVAR"

$3459.50
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The undiscounted payback will be

$3459‘53/2$640 - $400)
14.41 months

PAYBACK

Capacitors are useful in both increasing plant cépacity and in reducing
utility bills. Each situafion w111Abe different, but should warrant
serious cénsideration.

Though substantial'savings can be realized through power factor
improvement, even greater potential may 1ie in controlling power de-
mands. As in the previously discussed raté structure, potential
savings may be two fold--both in power factor and demand penalty

cost avoidance.

Demand Control

Many industries request utility billing structures containing
~demand charge penalities. The lower consumption charges help reduce
utility bills of those companies who have controlled their power re-
quirements. However, for companies not controlling their demand re-
quirements, the penalties can be quite large. Demand penalty charges
range from off-season costs of $1.50 per kw to $7.00 per kw greater
than an established demand Timit.

Proper schedu11ng; either manual or by computer, can Tower elec-
trical consumption profiles, shaving off costly demand peaks. Ven-
tiTation units, material handling systems, etc., through proper scheduling
may be operated during off peak periods or contro11ed, by momentarily
turning off as demand 1imits encountered, without adversely affecting
facility operations. A detailed investigation into demand control can

- yield substantial savings.
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Definition of Power Demand
The amount of electrical power required during a production

period varies according to the type and number of processes operating
during a period of time. Many facilities are charged for their con-
sumption and penalized for the power demand placed upon the electrical
utility company. Demand is defined as the electrical power require-
ments of an industrial facility, averaged over a specified period of
time, usually 15 to 30 minutes. (Although in some areas of the country,
the time period is as short as five minutes.) The demand is averaged
over a period to allow instantaneous peaks, which do not affect the
utility company. The highest average demand during a billing period
is the basis for demand billing. Demand, measured in kw is related to

consumption as shown in Figure V.

Average Billed Demand

|
{
Power Demand {KW)

I

!
Electrical Consumption (KWH)

R

8:00 8:30 9:00 9:30

Consumption Profile
Figure V
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Rachet Clauses

In many areas, rachet clauses are becoming increasingly popular
with utility companies. A rachet clause means the utility may charge
a facility, based on the highest demand over a specified time period,
e.g., six months. That is, if your plant's highest demand was four
months ago, the facility is still charged on 65 percént of this value
or the present demand, whichever is greater. (Percentages and time

periods vary with electrical utility rate structures.)

Demand Clause Justification

‘A utility company must size “its power generating equipment to
generate enough power to always service its.customer's demands. For
example, if during the first thirty minutes of a working period, all
processes are operating, this sudden demand surge must be satisfied
' by the power company. But, after this initial peak, the electrical
consumption profile decreases and stabilizes at a much lower power
level. Therefore, the utility company must penalize its industrial
customers for demand peaks which tax the generating station.

Rachet clauses, though economically harsh, help protect utility
company's investments. For example, a plant may now have demand
control, however, the utility had to initially design its system to
supply a previocusly much higher power demand. Also, in the event
the faci]%ty demand controller fails, the utility can supply any un-

usually large power demands.

Demand Scheduling
There are a number of effective methods used in reducing demand

peaks. The first that should be considered is proper scheduling to
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avoid simultaneous motor start ups or anecessary process operations.
As an example, operate large electrical consumers at night, when
possible. A small municipal utility company had to operate a 800
horsepower pump eight hours per day. They rescheduled it to operate

at night, avoiding a high demand péak during the day. The demand
charge, $1.40/kw-month, was small by present standards, however, the
utility still saved over $10,000 per year. Another cost effective
practice fs to avoid starting large electrical consumers simu1taneously.
A metal fabricating facility operated twelve 30 kw resistance furnaces
for periods of two hours during the work period. (They consumed 10 kw
when holding). The furnaces were rescheduled to allow no more than

two to operate at the same time, to‘avoid 1$rge power demands. When
all furnaces were allowed to operate at the same time the demand

. measured 360 kw or at $1.50/kw-month, $540 per month. By rescheduling,
the demand dropped to 160 kw (2 furnaces x 30 kw + 10 furnaces x 10 kw)
or a poteht1a1 savings of 200 kw and $3600 each year. Therefore,
spread electrical power loads over the entire day, utilizing as much

of the off-peak electrical periods as feasible. This scheduling con-
cept may become increasingly important as utilities implement rate
structures where the electrical cost varies wifh the time of day.

The market is crowded with devices for demand shedding, ranging
from simple "hard wire" devices to microprocessors. The hard line
device is relatively rigid, performing just the operation of demand
control in the facility. The microprocessor, on the other hand, may
serve a number of other functions in the facility as well as demand
control. Inventory control, acéounting, process control, etc. are

just some of the ways to utilize a microprocessor. The selection
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for your business is beyond the scope of this study because each ap-
plication will vary according to process type, facility size, capital
available, etc. This study will investigate a microprocessor which
turns off non-essential electrical consumers as the demand 1limit is
encountered. At this point, it is necessary to emphasize that motors
turned off by the microprocessor must not affect plant operations.
Many microprocessors "remember" which motors are bypassed and give
them priority. Also, careful study, concerning individual motor duty

cycles should be made before programming.

Computer Application

The computer program will simulate one,eight hour period with a
virtually unlimited number of electric motors and peak demand Timits
in facilities with either demand controllers or without controlled
 power demands. For analysis purposes, do both. The program data
necessary includes--motor horsepowers, motor loads, demand Timit,
and energy costs. STOP - try it. If you have more questions, see the
example in the next section. The computer requires a rigid format

that must be followed.

Step 1: After the computer is in the READY mode

enter EXEC ENERGY.

Step 2:  From this point, the computer will prompt the user
as necessary with a ? when data is needed. Important!!
When entering a decimal value, place a zero before the
decimal point (e.g., 0.8 not just .8). Enter 2, when

appropriate, to run the demand controller.
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Demand Control Example

A medium size job shop in central Oklahoma is billed with a
demand penalty. The facility has a series of large horsepower motors
which are being controlled using a microprocessor. As the electrical
power demand approaches the programmed demand T1imit, predetermined
motors are momentarily turned off without adversely affecting plant
operations. The monthly demand charge is $2.00 multiplied by the
highest demand of the billing period. This example assumes the peak

demand occurs during this simulated eight hour period.

Data
Motor Horsepower Load
1 50 0.70
2 50 0.80
3 75 | 0.70
4 100 0.70
5 100 0.50
Demand Limit 100 kw

Demand Cost $2.60/kw-bi11ing period

The results of two simu]ations, one controlled demand and one
with uncontrolled power demand are present in Table II, The operating
time for each motor is approximately the same, averaéing 228 minutes
‘per working day for the uncontrolled demand simulation. Constrastingly,
the operating times for controlled demand are drastically smaller,
averaging 121 minutes per working day. The differences in monthly
costs Eef]ect this as the controlled simulation costs were $150.13 as

compared with the $386.53 uncontrolled period cost--a savings of $236.40
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per month. With the programmed demand 1imit of 100 kw the actual
highest average demand was 75.07 kw while during the uncontrolled

pericd the demands fluctulated from 99.73 kw to as high as 193.27

- kw.
Motor Operating Time (minutes)
Controlled Simulation Uncontrolled Simulation

1 119 227
2 154 232
3 160 | 230
4 85 | 237
5 87 217

Costs ' $ 150.13 $ 386.53

Highest Average Demand 75.07 kw ' 193.27 kw

"Demand Simulation Results

Table II

The simulation results are a 1ittle misleading but will help the
reader understand the theory behind the demand controller. There is a
substantial demand savings; however, the operating hours will not be
as small. The microprocessor will keep track of the motor operations,
allowing each to run as much as necessary. The demand peaks will
disappear, as the consumption profile absorbs the difference. The
average period consumption will not increase, however, the variance
about that average will greatly decrease as illustrated in Figure VI.

Both power féctor improvement and demand control have proven

energy management potential. The paybacks associated with each are
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well within most corporate requirements, thus, they should be con-

sidered by all industry.

Many of the basic principles discussed in

Average Billed Demand
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“the previous modules can be applied to reduce general consumption

of electricity throughout the facility.

Electrical Consumption

Proper scheduling of electrical processes and supervision of equip-
ment operating hours are two effective ways of reducing electricity
costs. Scheduling can have two fold benefits, a reduction in elec-
trical consumption costs due to more prudent operation and reduction
of power demands  throughout the day. Many areas of the U.S. are con-
sidering time of day pricing structures, where the cost of electricity
is generally higher during the day and allows cost savings for nighf
time usage. If affected by such structures, the facility should con-
sider scheduling schemes that operate feasible equipment during off-
peak periods to avoid potentially high consumption costs.

In a typical facility, many electrical processes continue to operate
“during breaks, between shifts, etc. Proper supervision and timers can
can reduce the operating time, for example, a facility might place
Timit switches, photoelectric eyes, etc., at the beginning of a stretch
of conveyor. If the switch does not detect anything on the conveyor,
for a specified period of time,lthe conveyor will stop until products
arrive and must be transported. Controlled lighting, another good
example, demonstrates substantial energy management potential for
turning off Tights when not in use. One professional journal suggests
fluorescent Tlights should be turned off when not in use for more than
fifteen minutes. Therefore, simple energy awareness, and employee
participation can result in energy savings.

Another rewarding area where energy saving ideas are relatively

easy to implement and have proven savings is in heating, ventilating,
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and air conditioning. Energy management ideas in this area have
substantial potential, as much of a manufacturer's utility bill

is involved in HVAC systems as will be seen.
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HEATING, VENTILATING, AND AIR CONDITIONING CONTROL

Temperature Control

Energy cost reductions using temperature control have great po-
tentials, but must be implemented carefully to insure present produc-
tivity Tevels continue. Gradual implementation of thermostat set ups
and set backs will allow employees to readjust to their changing
environment. Also, if they are aware of the company energy manage-
ment goals and their corresponding energy and monetary savings, they

-will exhibit more enthusiasm with company efforts.

Environmental Standards

Concentrated effort in thermostat adjustment will accomplish dual
.objectives, saving a substantial amount of the present energy costs
and demonstrating to company employees that management is committed
to energy management. As shown in Figure VI, significant savings in
cod]ing and heating bills, can be realized by simply adjusting present
thermostat settings. These values are difficult to justify, but in
various applications they appear to be very close. In a similar study
by the U.S. Air Force, the potential savings are higher.

In many industrial faci]ities the heating, ventilating and air
conditioning costs represent a major portion of their energy bills.
As examp]eé, General Motors Company's HVAC systems coﬁsume 31.7 percent
~of.its total energy supply, (8 ), and one Oklahoma industry consumes
greater than 60% in its HVAC systems. Savings in this area are re-
1ative]y simple and very cost effective by simply meeting recommended
standards, TableIIl. In another example, a medium size industrial

' facility, 105,000 square feet, turned off the air conditioning at
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§ . A
£ 8 Hour/Day Adjustment 8 Hour/Day Adjustment
Degree Degree 16 Hour/Day
Setup 3 16 Hour/Day Setback3
: 24 Hour/Day
24 Hour/Day
2 2
11 1
0 4 = 0 3 6 9
% Savings % Savings
COOLING HEATING

. Relationship of Temperature to Operating Costs

Figure VI

night and saved over $16,000 per year. (43) Automatic controls,
timers, 24 hour thermostats, seven day thermostats and microprocessors
can regulate and adjust temperature settings relieving supervisory

requirements.

Cooling Potential

Air conditioning costs can be greatly reduced by raising thermo-
stat settings, as this study will use a four percent savings per
degree set up from a 72° F per 24 hours. For example, if a facility

turns its thermostat up from 72° F to 78° F for a ten hour period
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Heating Cooling
DBry Bulb °F Dry Bulb *F Dry Bulb *F
Occupled hrs. L pled hrs. o] hrs.
Offices and genera! purpose
administrative €8 55 78
Infirmary, patient areas 72-76 72-76 75-78
General purpose academic space 68 60 78
General recreation areas 60 ' 55 Do not cool
Research, laboratories, surgical suites,
and cther critical space As reqd. As reqd. As reqd.
Conference rooms, auditoriurns 68 50 78
' Multi-family—living areas 68 60 78
General purpose stores, sales areas 65 55 78
Cafeterias, dining halls 68 50 78
{ndustrial, production areas . 60-68 55 72-78
Warehouses 55 50 Do not cool
Docks and Platforms Do not heat Do not heat Do not cool
Toilet rooms 65 50 ' 78
Corridors & Lobbies 68 . 55 80

Storage & Equipment rooms 55 ' 50 Do not coo!

Recommended Thermostat Settings

Table III

(overnight), it will save approximately

(78-72° F) X 10/24 hours X 4% savings = 10% of its cooling bill.
If these adjustments are made for longer periods of time and/or with
greater temperature differences, the savings will increase propor-
tionally.

In addition to température control, there are a number of methods
which will increase energy savings. Consider adding economizer cycles
to existing air conditioning systems which draw in outside air, when
appropriate, to directly cool manufacturing areas. Reduce solar Tloads
on southern and western walls by 1andscapin§ properly with trees,
berms, foliage, etc., by installing correctly designed awnings, over-
hangs and partitions, Figure VII, and by using drapes, blinds and shades

-in office areas. Turn off unnecessary heat producers, coffee pcts, hot
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plates, lights, etc., which increase the cooling load of the facility.
Most importantly, make sure outside windows and doors are properly

weatherstripped and caulked, sealing in expensive conditioned air.

UNINSULATED
HIGH THERMAL
RETENTION -

MANUFACTURING
AREA

* Solar Angle and Overhangs

Figure VII

Heating Potential

Heating energy savings are very similar to cooling savings and
will be calculated as a three pekcent savfngs per degree set back
from 72° F per 24 hours. As stated previously, if temperature ad-
justments are implemented over longer periods, for example, on week-
ends, the total savings will be much greater.

Related to temperature control is infrared heating. Many areas
on the manufacturing floor, dock areas, storage areas, etc., have the
potential for use of infrared heaters for task heating. Infrared
heaters use Tess energy than gas fuel heaters and they transfer their

heat directly to the necessary area without wasting energy heating
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the surrounding environment. Savings of 50% have been advertised

when compared with direct fired gas neater applications.

Regional Control

Areas with significant temperature differences should be separated
utilizing one of many techniques available for reducing infiltration,
including plastic strip doors, dock door cushions, impact doors, etc.
Plastic strip doors, a recent energy saving technique, are overlapping
plastic strips hanging ovér an opening, that have various applications
throughout the plant, ranging from dock areas t6 isolation of large
ventilated areas. They allow unobstructed travel of-both men and
equipment, thus, may be applied in all areas of the facility.

In new facilities, areas with similar heating requirements,
storage, dock areas, paint rooms, etc. should be placed near one
another. - Isolated in this way, HVAC équipment can be better designed
and operate more efficiently. Areas requiring no heat should be
grouped together on northern walls where they can serve as insulation

barriers between the manufacturing areas and the outside environment.

Computer Application

This subroutine will calculate potential savings in heating and
cooling control using data furnished by the user, including energy
required by HVAC systems, temperature adjustments énd hours of ad-
Justment. Several assumptions were necessary to simulate the example
problem. STOP - try it. If you still have questions, consult the

example problem description in the next section.
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Assumptions:

(1) The operating hours during the heating season are 15 hours
per day, 30 days per month and four months per year. For
cooling, the system is assumed to operate ten hours per day,
30 days per month for four months per year.

(2) The energy costs were determined using 1979 Oklahoma
utility estimates.

To use the computer program, follow the rigid procedures pre-

sented below.

Step 1: After the computer is in the READY mode, enter

EXEC ENERGY.

Step 2: From this point, the computer will prompt the user with
a ? when data is necessary. Important!! When entering
a decimal value, place a zero before the decimal point
(e.g., 0.8 not just .8). Enter 3 when appropriate to

run temperature control.

Temperature Control Example

Substantial energy savings can be realized by simply adjusting
thermostat settings to recommended standards and even greater savings
for further adjustment at night and on weekends. This routine example
assumes an overnight, ten hour adjustment. Approximately three per-
cent savings per degree setback and four percent savings per degree
set up, from a base of 72° F, can be realized from heating and cooling

bills.
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Data

Thermostat Settings

Base 72°F
Setback 68°F
Setup \ | 78°F

HVAC Energy Input
Heat . 60,000 BTU/hr
Cool 30,000 BTU/hr

Operating hours

Heat 1800 hr/season

Cool 1200 hr/season
Adjustment Period 10 hr/day
Energy Costs

Heat ©$1.6 x 107%/BTU

Cool $4 x 107%/BTU

Cooiing Setup Potential

COOLING COST = ENERGY INPUT X HOURS OF OPERATION X COOLING COST

30,000 BTU/hr X 1200 hr/season X $4 X 10-6/BTU

n

$144.00

. (8% X (78-72°F) X 10/24 hr) X $144.00°

SAVINGS
| = $14.40
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Heating Setback Potential
HEATING COST = 60,000 BTU/hr X 1800 hr/season X $1.6 X 10_6/BTU
= $172.80

SAVINGS (3% X (72-68°F) X 10/24 hr) x $172.80

$8.64

Again, these savings represent just a night time change for a
very small HVAC unit. If these were implemented for the entire day
and further controlled on weekends, the savings would be substantially
greater.

Another aspect of HVAC control is the distribution of conditioned
air throughout the facility. Many industrial facilities are overly

ventilated, wasting energy in conditioning and air distribution.

Ventilation Control

Heating and éoo1ing units will be different from one facility to
the next; however, the majority of industrial HVAC units will have
similar air handling distribution systems. Air hahd]ing units are
a series of smail horsepower fans that draw fresh, outside make up
air through conditioning units and distribute the air throughout the

plant via a system of ventilation ducts.

Industrial Ventilation

Ventilation ecuipment operation requires a great amount of elec-
trical energy, and correspondingly, substantial costs. For example, a
medium size, three story, office building in northern Oklahoma spends
on an average of $12,000 per year just to operate fan units. A number
of energy management techniques are available to reduce fan operating
requirements, ranging from task ventilation and system modification to

electrostatic precipitators.
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Heating and air conditioning units require fresh make up air,
which must be heated or cooled and filtered to meet facility tem-
perature and conditioning requirements, to replace existing conditioned
air in manufacturing areas. Small multiple fan units push conditioned
air through a system of distribution ducts to specific outlet locations.
Thus, reducing the amount of conditioned make up air will yield a dual
savings; energy required to heat or cool the make up air will be re-
duced and the energy required to operate fan motors can be substantia11y

reduced. The savings can be very large.

Ventilation Reduction

The Occupational Safety and Health Administration, OSHA, has es-
tablished standards for required make up air volumes for various manu-
facturing areas. These standards should be followed as closely as
possible; however, many facility HVAC systems are over designed with
‘larger horsepower motors and air capacities than necessary. As an
example, a manufacturing area contains a small welding operation,
where the make up air changes are much greater than the remainder of
the manufacturing area. However, in this facility, as in many others,
the entire fabricating area is cbnditioned by a central unit; thus,
the make up air capacity is designed to satisfy the welding area re-
quirements. A proven solution to this type problem is to isolate
the we]dfng area and task ventilate using specially designed ventila-
tion hoods for the welding area and reduge the make up air requirements
of the remainder of the facility.

Electrostatic precipitators, excellent for use in "dirty air" areas,

such as, welding areas, grinding areas, etc., are gaining acceptance
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across the country. They are available in a variety of sizes and
models ranging from small, office models to Targe volume types.

Their major advantage is the air, after being cleaned, can be recir-
culated without further energy usage in heating or cooling.

Two more cost effective energy management techniques are poly-
ethlene air distribution tubes and "barber shop" air circulating fans.
Their objective is to push hot conditioned air, near high facility
ceilings down to manufacturing floors where needed, thus decreasing
the heating load of the facility HVAC system. The tubes draw in
cool outside air, and through small holes in the tube, mix this make
up air with the hot ceiling air, which then falls by convection to the
facility floor. Similarly, fans, high in the facility, force ceiling
air down where it can be used and, consequently, substantially reduces

heating bills.

"Potential Ventilation Savings

This study is concerned with the savings available with reductions
in make up air requirements and will not investigate electronic pre-
cipitators or ventilation hoods, as each must be tailored for parti-
cular applications. As mentionéd previously, the potential savings
are twofold, first, resulting from reduction in heating and cooling

energy requirements as shown in the following expression.

3

$ SAVINGS = .24BTU X .075;b X ft x A TOF t hr

16°F ft min yr

$COST . 60 min
BTU hour

where
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.24 BTU _ specific heat of air
16°F
.0751b _ specific gravity of air

fto

Another substantial saving, shown below, is available in fan
horsepower reduction. Since the make up air requirements have been

reduced, the total volume of air to be moved has been correspondingly

decreased.
PRESENT DMAKE /3 PRESENT
HP SAVE = FAN HORSEPOWER - (1 - PMAKE) X FAN HORSEPOWER
where
DMAKE = desired make up air requirements
PMAKE = present make up air requirements

Computer Application

The ventilation control subroutine‘wi11 calculate the potential
savings in both heating and cooling energy requirement reduction and
in decreasing necessary fan motor ratings. The program is very flexible,
data to be entered ranges from present and desired make up air require-
ments to the estimated seasonal operating hours. To simulate, follow
the rigid procedures discussed below. An example is simulated on the
computer. STOP - try it; then if you have any queétions, see the ex-

ample in the next section.

Step 1: After the computer is in the READY mode enter

EXEC' ENERGY.
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Step 2: From this point, the computer will prompt the user
with a ? when data is necessary. Important!! When
entering a decimal value, place a zero before the
decimal point. (e.g., 0.8 not just .8) Enter 4

when appropriate to run Ventilation Control.

‘Ventilation Control Example

A small size manufacturing facility in Stillwater, Oklahoma, is
located in a well insulated metal prefabricated building. Heating and
cooling is supplied by a central unit operating with a ten horsepower
air handler. After analysis of present air changes and OSHA required
air changes, the company has determined it may reduce present venti-

lation requirements, and correspondingly, reduce the fan motor horse-

power.

.Data
Present Make Up Air Requirements 12500 CFM
Desired Make Up Air Requirements 6250 CFM
Indoor Thermostat Setting ‘ - 72%F
Winter Design Temperature 40° F
Summer Design Temperature 80° F
Winter Operating Hours 1800
Summer Operating Hours 1200
Fan Horsepower 10
Energy Cost | $4 x 107%/BTU

Calculate the present cost and potential heating and cooling savings.

HEAT COST = .24 BTU _ .0751b _ 12500 ft°> _ 60 min
‘ or X T3 X = X hour
16 °F ft min
1800 hr  $4 X 107°/BTU = $3110.40/season in heating costs.
season

x (72-40°F) «x
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.24BTU  .0751b 12500 ft° 60 min x (80-72°F)

16%F £t min hr

COOL COST

1200 hr  $4 x 107°
yr BTU

$518.40/year cooling costs

The potential savings for heating and cooling energy reduction due

to decreased air volume are $1555.20 and $259.20, respectively.

HEAT SAVE = .24 BTU _ .0751b  (12500-6250 ft°) 60 min
16°F £t3 min hr
(72-40°F) x 1800 hr x $4 x 107°
yr BTU
= $1555.20/year in heating cost savings
COOL SAVE = .24 BTU _ .0751b . (12500-6250 ft°) _ 60 min
o X T .3 o Thr X
167F ft ~ min
(80-72°F) x 1200 hr x $4 x 107°
yr - BTU

$259.20/year in cooling cost savings

The cost of operating the fan is now calculated

10 hp x .746 kw x 10000 BTU x 3000 hr x §4 x 10°°

hp kw yr BTU

FAN COST

$895.20/year in fan operations

The potential cost reduction and decrease in fan horsepower are

$783.30 per year and 8.75 hp, respectively.
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3
6250
FAN SAVE = $895.20 (1 - 12500) x 10 hp x .746 kw x 10000 BTU «x
hp kw

3000 hp x $4 x 1078

yr BTU

= $783.30/year in fan operations
6250 S
10 hp - {(1 - 12500 ) x 10 hp

8.75 hp reduction in required horsepower

1]

HP SAVE

Therefore, for this small system, the total potential savings, by
lowering ventilation Tevels to OSHA standards are $2598.00 each year.
In manufacturing facilities, with multiple HVAC units, the analysis
should include the total HVAC system and will correspond closely

with the previous calculations.
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SUMMARY

Industry, concerned with rising energy costs, is concentrating
effort to reduce present energy bills; however, many managers do not
have the background to select cost effective energy management oppor- .
tunities. This study sensitizes péop]e with the current energy
situation and introduces four proven cost effective energy saving
ideas, power factor 1mbrovement, demand control, temperature control,
and ventilation control, implemented in various situations across
the country.

The study, energy manual and interactive computer program, is
anticipated to aid industry, across the state of Oklahoma, in se-
lecting proven energy saving a]ternatives. Students, enrolled in
industrial energy management courses, will receive, through use of
this manual, the necessary background to assume a responsible position
in a profit improving industrial energy management program. |

" The modular design of this study promotes additional research.
Modules can be easily added to the energy manual and the interactive
computer program can be expanded by integrating additional subroutines
wfth the existing software. Suggested ideas for future study include
optimum insulation sizing, 1ighting replacement, redQction in hot water
temperatures, reduction of compressed air pressures and waste heat

‘recovery applications.
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AOK KK KKK KK K KKK KKK
ENERGY SIMULATOR
KK HOKOK K KKK K AKOK KKK K

THIS PROGRAM ALLOWS MANAGERS TO TEST THE COST EFFECTIVENESS OF THEIR ENERGY
SAVING IDEAS. THE COMFUTER WILL FROMFT THE USER AS NECESSARY.

IF YOU WISH TO SELECT AN ENERGY SAVING IDEA ENTER *"1" 7 HOWEVER IF YOU WISH
STOF THE SIMULATION ENTER "0°®. '

7

1 _
YOU DO WANT TO SELECT AN ENERGY SAVING IDEA - CORRECT? ENTER *1" - YES "0%" -

NEAS FRESENTED ON THIS FROGRAM
ENERGY IDEA.

LOWING IS A LIST OF
HE NUMEER ERESIDE THE AFFROFR

mim
pra
m
o
3]
-<
w3
D>

=

T

[Tir—t

?
1
THE FOL
ENTER T

1--FOWER FACTOR ANALYSIS
2--DEMAND  CONTROLLER
3--TEMFERATURE CONTROL
4-~VENTILATION CONTROL

[y

KK KK K K oK 33K oK KK K KK KKK K KOk K
FOWER FACTOR ANALYSIS
2K KKK K K KKK KKK K K K X KK KKK K

A MEDIUM SIZED METAL FABRICATING FLANT IN FERRYs OKLAHOMA UTILIZES A LARGE
NUMEER OF OVERLY SIZED INDUCTION MOTORS AND WELDERS. LIGHTING IS FURNISHE
BY SEVERAL HUNDRED EIGHT FOOT FLUORESCENT LIGHTS. AT THE FRESENT TIMEsy THE
FACILITY IS FAYING A FENALTY FOR EAD FOWER FACTOR AND IS CONSIDERING CAFAC



0 YOU WISH TO RUN FOWER FACTORT ENTER "1" - YES "0" -~ NO

57
7
1
DO YOU WISH TO SEE AN EXAMFLE? ENTER "1" - YES "0" - NO.

-

THE FENALTY CHARGE IS CALCULATED USING A PERCEN TAGE OF THE DEMAND CHARGE.
FOWER FACTORS GREATER THAN 0.8 WILL OFTEN YIELD A BONUS. THE CAFACITOR
COST IS AFFROXIMATELY $18.30 FER KVAR.

FRESENT FOWER FACTOR - 0.50

MONTHLY FENALTY COST-% 640.00

DESIRED FOWER FACTOR - 0.80

CAFACI TOR COST-$3459.50

FAYBACK - 14.41 MONTHS

IF YOU HAVE ANY QUESTIONS SEE MANUAL FAGE

DO YOU WISH TO RUN FOWER FACTOR? ENTER *1" - YES "0*" - NO

?

0 ‘

IF YOU WISH TO SELECT AN ENERGY SAVING IDEA ENTER "1" 3 HOWEVER IF YOU WISH
STOF THE SIMULATION ENTER "0°". :

7

1
YOU DO WANT TO SELECT AN ENERGY SAVING IDEA - CORRECT? ENTER "1" - YES *0°

7
1 :
THE FOLLOWING IS A LIST OF ENERGY SAVING IDEAS FRESENTED ON THIS FROGRAM
ENTER THE NUMRER EBESIDE THE AFFROFRIATE ENERGY IDEA. :

1--FOWER FACTOR ANALYSIS
2=--DEMAND CONTROLLER
3--TEMFERATURE CONTROL
4-—-VENTILATION CONTROL



KKK KKK 3K 3K K K K K ok ok
DEMAND CONTROLLER
KK 2K OK XK 5K XK K K K ok K ok ok K K

58

A MEDIUM SIZED JOR SHOF IN CENTRAL OKLAHOMA IS RILLED WITH A DEMAND PENALTY.
THE FACILITY HAS A SERIES OF LARGE HORSEFOWER MOTORS WHICH ARE EBEING
CONTROLLED USING A SMALL MICROFROCESSOR. AS THE DEMAND AFFROACHES THE
LIMITy THE MOTORS ARE MOMENTARILY SHUT OFF. DEMAND CHARGE IS $2.00
MULTIFLED BRY THE HIGHEST AVERAGE DEMANID.

DO YOU WISH TO RUN DEMAND CONTROLLER? ENTER "1" - YES "0" - NO

?
1 .
00 YOU WISH AN EXAMFLE? ENTER *1* -YES *0" ~-NO

?
1
DO YOU WANT DEMAND CONTROL? ENTER "1" - YES "0" - NO.

?

0 _ ‘ :
THIS FROGRAM SIMULATES WORK FERIOD WITH NO DEMAND CONTROL.

THE MOTOR HORSEFOWERS ARE

50 S0 753 100 100

OFERATING TIME FOR MOTOR 1 227
OFERATING TIME FOR MOTOR 2 232
OFERATING TIME FOR MOTOR 3 230
OFERATING TIME FOR MOTOR 4 237
OFERATING TIME FOR MOTOR 5 217
TOTAL KILOWATT HOURS FOR MOTOR 111
TOTAL KILOWATT HOURS FOR MOTOR 111
TOTAL KILOWATT HOURS FOR MOTOR 165

222

Loe B &

2272

A A

TOTAL KILOWATT HOURS FOR MOTOR
TOTAL KILOWATT HOURS FOR MOTOR
THE AVERAGE DEMAND EACH FIFTEEN MINUTES IS ~--

110.80 141,60 134.13 124,27 99.73 141.53 116.93 1536.33
114,53 134.27 121.87 134.27 105.93 123,00 140.40 130.53
134413 146.47 135,40 136.67 146,60 135.40 141.60 110.87
145,27 126.80 101,00 193.27 155.07 137.87 119.40 119.33
THE MAXIMUM AVERAGE DEMAND IS 193.27

THE TOTAL DEMAND CHARGE FOR THE MONTH IS 386,53

IF YOU HAVE ANY QUESTIONSs SEE MANUAL FAGE

DW=

DO YOU WISH TO RUN DEMAND CONTROLLER? ENTER "1* - YES "0" - NO



?
1
0 YOU WISH AN EXAMFLE? ENTER "1* -YES *0* -NO

59
?

1 :
00 YOU WANT DEMAND CONTROL? ENTER "1* - YES *0" - NO.

[y

THE MOTOR HORSEFOWERS ARE

90 S0 73 100 100

OFERATING TIME FOR MOTOR 1 119
OFERATING TIME FOR MOTOR 2 154
OFERATING TIME FOR MOTOR 3 160
OFERATING TIME FOR MOTOR 4 85

OPERATING TIME FOR MOTOR S 87

TOTAL KILOWATT HOURS FOR MOTOR 1 37
TOTAL KILOWATT HOURS FOR MOTOR 2 74
TOTAL KILOWATT HOURS FOR MOTOR 3 110
TOTAL KILOWATT HOURS FOR MOTOR 4 74
TOTAL KILOWATT HOURS FOR MOTOR 5 74

THE AVERAGE DEMAND EACH FIFTEEN MINUTES IS -—-
56,60 68.87 63.93 64.00 57.87 52.87 5633 67.67
70,20 66.47 61,47 67,67 75.07 73.80 73.73 66.47
70,13 70,00 70.00 67.67 56,60 59.00 62.73 67.73
71447 68,87 67,73 67,67 72,67 56,60 73.80 62.73
THE MAXIMUM AVERAGE DEMAND IS 75.07
THE TOTAL DEMAND CHARGE FOR THE MONTH IS 150.13
IF YOU HAVE ANY QUESTIONS» SEE MANUAL FAGE

DO YOU WISH TO RUN DEMAND CONTROLLER? ENTER "1" - YES "0" - NO

7
0 :
IF YOU WISH TO SELECT AN ENERGY SAVING IDEA ENTER "1* 3 HOWEVER IF YOU WISH
STOF THE SIMULATION ENTER "0O°%.

?
1
YOU DO WANT TO SELECT AN ENERGY SAVING IDEA - CORRECT? ENTER "1" -~ YES “0°

?
1 : ’

THE FOLLOWING IS A LIST OF ENERGY SAVING IDEAS FRESENTED ON THIS FROGRAM
ENTER THE NUMEBER BESIDE THE AFFROFRIATE ENERGY IDEA.

1--FOWER FACTOR ANALYSIS



4--VENTILATION CONTROL

AOKRK K 3K K KK KK KKK KKK K
TEMFERATURE CONTROL.
KK 3K XK XK KK KKK NOKOK K K K

SUBSTANTIAL SAVINGS CAN ERE REALIZED BY SIMFLY ADJUSTING THERMOSTAT SETTINGE.

AFFROXIMATELY 3% PER DEGREE SETRBACK AND 4% FER DEGREE SETUF FROM A
BASE 72 F FROM THE HEATING AND COOLING BILLS.

[0 YOU WISH TO RUN TEMFERATURE CONTROLT ENTER *"1" - YES "0" - NO

?

1
[0 YOU WISH TO SEE AN EXAMFLE? ENTER "1" - YES *"0" - NO

v
0 :
D0 YOU WISH TO ENTER YOUR DATAT ENTER *1° - YES *0" - NO

7

1

ENTER DATA AS REQUESTED BY THE COMFUTER IF NECESSARY TO CHANGE.
IMFORTANT ! !

WHEN ENTERING DECIMAL VALUESy FLACE ZERO REFORE THE DECIMAL FOINT

THE FRESENT THERMOSTAT SETTING IS 72.00 F
DO YOU WISH TO CHANGE? ENTER *“1" - YES "0" - NO

7

0

THE SETRBACK THERMOSTAT SETTING IS 68.00 F

THE SET UF THERMOSTAT SETTING IS 78.00 F

DO YOU WISH TO CHANGET ENTER "1° - YES "0" - NO

?

0

THE HOURS SETERACK ARE 10,00

THE HOURS OF SET UF ARE 10.00

0 YOU WISH TO CHANGE? ENTER "1" - YES *0" - NO

’i?

0 :
XKKAFFROXIMATELY ONE TON OF CONDITIONING=1 KWH =10000 ETUXXX

THE HEATING ENERGY INFUT IS 60000.00 RTU
THE COOLING ENERGY INFUT IS 30000.00 ETU



?
0 :
THE ESTIMATED SEASONAL HEATER OFERATING HOURS IS 1800.00 61
THE ESTIMATED SEASONAL AIR CONDITIONING OFERATING HOURS IS 12¢0.00
DO YOU WISH TO CHANGET ENTER "1" - YES "0°% - N

T

0

THE EBTU COST OF GAS IS AFFROXIMATELY $1.60/KCF x KCF/1000000 BTU = 0.000001/
THE BTU COST OF ELECTRICITY IS AFFROXIMATELY $0.04/KWH X KWH/10000 BTU = 0.0
nO0 YOU WISH TO CHANGET ENTER "1* - YES “0" - NO

THE ESTIMATED NORMAL THERMOSTAT SETTING IS 72.00 F
HEATING ENERGY INFUT IS 60000.00 RTU

THE COOLING ENERGY INFUT IS 30000.00 EBTU :

THE OFERATING HOURS DURING THE HEATING SEASON ARE 1800.0000
THE OFERATING HOURS DURING THE COOLING SEASON ARE 1200.0000
THE DESIRED SETBRACK TEMFERATURE IS 68.00 F

THE DESIRED SET UF TEMFERATURE IS 78.00 F

THE SETRACK TIME IS 10.00 HOURS FER DAY

THE SET UF TIME IS 10.00 HOURS FER DAY

THE HEATING COST IS ¢ 0.00000160 FER ETU

THE COOLING COST IS 0.00000400 FER BTU

THE HEATING COSTS FER YEAR ARE $ 172.80
THE FPOTENTIAL HEATING SAVINGS ARE $ 8.64

THE COOLING COSTS FER YEAR ARE $ 144.00
THE FOTENTIAL SAVINGS ARE $ 14.40

IF YOU HAVE ANY QUESTIONS SEE MANUAL FAGE .

N0 YOU WISH TO RUN TEMFERATURE CONTROL? ENTER "1" - YES *0" - NO

?

0

IF YOU WISH TO SELECT AN ENERGY SAVING IDEA ENTER *"1" 3 HOWEVER IF YOU WISH :
STOF THE SIMULATION ENTER "0°".

7
1
YOU IO WANT TO SELECT AN ENERGY SAVING IDEA - CORRECT? ENTER "1 - YES ®"0" -

?

1

THE FOLLOWING IS A LIST OF ENERGY SAVING IDEAS FRESENTED ON THIS FROGRAM
ENTER THE NUMBER RESIDE THE AFFROFRIATE ENERGY IDEA.



3--=TEMFERATURE CONTROL
4--VENTILATION CONTROL

KK KK K 3K 3K K 5K % oK K KK XK K K K K
VENTILATION CONTROL
KK 2K K KKK KK K K Ok KK 0K K

A LARGE SIZE MANUFACTURING FACILITY IN STILLWATERy OKLAHOMA IS LOCATED IN A
WELL INSULATED METAL FREFABRICATED RUILDING. AFTER ANALYSIS OF FRESENT
AIR CHANGES AND REQUIREDI MAKE UF AIR CHANGES» THE COMFANY HAS DETERMINED IT
MAY REDUCED FRESENT VENTILATION REQUIREMENTS

0 YOU WISH TO RUN VENTILATION CONTROL? ENTER "1" - YES "0" - NO

7

1 .
0o Yyou WISH TO SEE AN EXAMFLE?T ENTER "1* - YES "0" - NO

THE PRESENT MAKE UF AIR VOLUME IS 12500.00 CFM

THE DESIRED MAKE UF AIR VOLUME IS 6250.00 CFM

THE AVERAGE OUTDOOR HEATING SEASON TEMFERATURE IS 40.00 F

THE AVERAGE INDOOR HEATING SEASON TEMFERATURE IS 72.00 F

THE AVERAGE OUTIHOOR COOLING SEASON TEMFERATURE IS 80.00 F

THE AVERAGE INDOOR COOLING SEASON TEMFERATURE IS 72.00 F

THE AFFROXIMATE FAN OFERATING HOURS FER HEATING SEASON IS 1800.,00 HOURS
THE AFFROXIMATE FAN OFERATING HOURS FPER COOLING SEASON IS 1200.00 HOURS
THE AFFROXIMATE FRESENT FAN HORSEFOWER IS 10.00 HF

THE AFFROXIMATE COST OF ELECTRICITY IS 0.00000400 FER ETU

THE HEATING SEASON VENTILATION COST IS $3110.40
THE FOTENTIAL SAVINGS ARE $15355.20

THE COOLING SEASON VENTILATION COST IS $ 518.40
THE FOTENTIAL SAVINGS ARE ¢ 259.20

THE FAN OFERATING COST IS ¢ 895.20 FER YEAR
THE FOTENTIAL SAVINGS ARE ¢ 783.30

THE REDUCTION OF HORSEFOWER FOSSIBLE IS 8.75
IF YOU HAVE ANY QUESTIONS SEE MANUAL FAGE

DO YOU WISH TO RUN VENTILATION CONTROL? ENTER "1* — YES "0" - NO

oy
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STANDARD RATE SHEET Original _ gueer no. 10.0 or oG ECO no.

CANCELLING o SHEET NO. oF OG E CO NoO.
T 64
OKLAHOMA GAS AND ELECTRIC COMPANY ' OKLAHOMA DIVISION
STANDARD RATE SCHEDULE C—f CODE NO 06
’ Commercial Rate COM

EFFECTIVE IN: All territory served.

AVAILABILITY: Alternating current for use other than a residential dwelling
unit. Service will be rendered at one location at one voltage. For service at
transmission voltage, see appropriate Power and Light Rate schedule.

No resale, breakdown, auxiliary or supplementary service permitted.
Where commercial and residential service are served through one meter, the
Commercial Rate is to apply to the entire load. '

RATE:

On-Peak Season - (Bills for energy used during meter reading periods
ending June 1 through October 31 of any year. )

First 50 kWh or less per month for $3, 99
Next 50 kWh per month @5.509¢ per kWh
Next 500 kWh per month @4, 643¢ per kWh
 Next 1400 kWh per month @4, 019¢ per kWh
" Next 3000 kWh per month @3. 778¢ per kWh
'All Additional kWh per month @3.441¢ per kWh

| Off -Peak Season - (Bills for energy used during meter reading periods
ending November 1 of any year through May 31 of the
succeeding year.)

First 50 kWh or less per month for $3, 99
Next 50 kWh per month @ 5.509¢ per kWh
Next 500 kWh per month @ 4. 144¢ per kWh
Next 1400 kWh per month @ 3, 134¢ per kWh
Next 3000 kWh per month @ 2,894 ¢ per kWh
All Additional kWh per month @ 2, 750¢ per kWh

LATE PAYMENT CHARGE: A late payment charge in an amount equal
to one and one-half per cent (1 1/2%) of the total amount due on each
monthly bill as calculated under the above rate will be added if the bill
is not paid on or before the due date stated on the bill, The due date
shall be ten (10) days after the bill is mailed.

‘\/IINIMU\/I BILL: $3, 99 per month (plus any applwcable fuel cost adjustment)
per meter for lighting and the use of socket appliances of less than 1 kilowatt
and of motors with individual capacities of not more than one-half horsepower
(or where there is no lighting,the first horsepower of connected motor load,
or the first kW of other permanently connected electric equipment); plus

$0. 50 net per month per horsepower of motors with individual capacities of

TTTTTTRIILs Iulﬁergd on an]c'(fna)wr

Tssued November 8 1 977 Effective November 28
Month Da AMonth Day Year
Oklahom_a Corporation Co'nmzfsmon
Rates Authorized by._. 134529 26003 _.0-30-77_ ]
: (Ordc No.) (J. F.No.) . (Cause MNo.r 1Date of Letter)
Issued by J. G. Harlow, Jr. President
. i (Name of Officer) «Tit \e)

Qklahoma City, Cklahoma

TTAdTTCss of Officer

(Continued)



STANDARD RATE SHEET | st Revisadeneer nvo. 10.1 or 0GECO no. 7
canceLuing _Qriginal  sueerno. 10,1 ocroGECO No. 7

65
" OKLAHOMA GAS AND ELECTRIC COMPANY _ OKLAHOMA  DIVISION
STANDARD RATE SCHEDULE C-1 CODE NO 06
COM

Commercial Rate

(Continued)

over one-half horsepower and per kW of other permanently connected

electric equipment. However, the minimum monthly bill for consumers served
in a non-urban area shall never be less that $4. 99 plus any applicable fuel cost
adjustment. Non-urban area refers to a place outside the urban rate district
of any city or town, or in a locality where the density of population is less than
that ordinarily encountered in urban or suburban districts.

Horsepower of apparatus connected will be based on manufacturer's
rating; if manufacturer's rating is expressed in kilowatts, 750 watts will be con-
sidered as the equivalent of one horsepower; if manufacturer's rating is expressed
in volts and amperes, 1000 volt-amperes will be considered as the equivalent
of one horsepower.

The Company shall specify a larger minimum monthly bill, calculated in
accordance with the Company's Allowable Expenditure Formula in its Terms and
Conditions of Service on file with and approved by the Commission, when
necessary to justify the investment required to provide service.

FUEL COST ADJUSTMENT: The rate as stated above is based upon an average
cost of $1, 00 per million Btu for the cost of fuel burned at the Company's thermal
generating plants. The monthly bill as calculated under the above rate shall be
increased or decreased for each kWh consurmed by an amount computed in
accordance with the following formula:

F.A, = A x B x C=x 1
106 1-D
Where F. A, = The fuel cost adjustment factor (expressed in dollars per

kWh) to be applied per kWh consumed.

A = The weighted average Btu/kWh for net generation from the
Company's thermal plants during the second calendar month i
preceding the 2nd of the billing period for which the kWh

. usage is billed.

B = The amount by which the average cost of fuel per million
Btu during the second calendar month preceding the end of
the billing period for which the kWh usage is billed exceeds
or is less than $1. 00 per million Btu. Any credits, refunds |
or allowances on previously purchased fuel, received by the i
Cornpany from any source shall be deducted from the cost of
fuel before calculating "B'" each month,

(Continued)

Tssued  February 3 _1978 Eifective Febrvary 16 1978 |
MMonth Day \L r \ Ion I.h ')ay Year
: klahoma Corporation Commission
Rates Authorized by____ 13.76 [ 26219  1-25-78
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STANDARD RATE SHEET | st Revised syeer no.  10. 2 oF OGECO no. 7
eanceLLing _ OTiginal  cueer no. 1002 o 0 G ECO no. 66
OKLAHOMA éAs AND ELECTRIC COMPANY OKILAHOMA  DIVISION
STANDARD RATE SCHEDULE C-1 ' CODE NO 06
Commercial Rate COM
(Continued)
C = The ratio (expressed decimally) of the total net generation

from all the Company's thermal plants during the second
calendar month preceding the end of the billing period for
which the kWh usage is billed to the total net generation
from all the Company's plants including hydro generation
owned by the Company, or kWh produced by hydro generation
and purchased by the Company, during the same period.

D = Aloss factor, which is the ratio (expressed decimally) of
kWh losses (total kWh losses less losses of 2, 5% associated
with off-system salées) to net system input (total system
input less total kWh in oif-system sales) for the year ending
December 31st preceding. This ratio shall be based on
information as reported by the Company to the Federal Power
Commission in its Annuval Report Form No. 1 and upon a
detailed report of off-systern sales to the Commission.

This ratio will be used for twelve months and will be changed
beginning with the 1st of April each year.

FRANCHISE PAYMENT: Pursuant to Order No, 110730 and Rule 54(a)
of Order No. 104932 of the Corporation Commission of Cklahoma,
franchise taxes or payments (based upon a per cent of gross revenue) in
excess of 2% required by a franchise or other ordinance approved by the
qualified electors of a municipality, to be paid by the Company to the
municipality, will be added pro rata as a percentage of charges for
electric service, as a separate item, to the bills of all consumers
receiving service from the Company within the corporate limits of the
‘municipality exacting the said tax or payment.

TERM: Open order. Seasonal changes to other rate schedules are prohibited.
»’]t’"i;gmé—(;mpany may require a contract for a year or longer, subject also to
special minimum guarantees, which may be necessary in cases warranted by
.special circumstances or unusually large investinents by the Company. Such
special minimum guarantees shall be calculated in accordance with the
Company's Allowable Expenditure Formula in its Terms and Conditions of
- Service filed with and approved by the Commission.

vy 16 1978 |

Tssued _February 3 1978 Bffective &€
LIonth Day ) 231 th Day Year
Oklahoma Corporation Commission
i . - .-
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J. G. Harlow, Jr. President
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STANDARD RATE SHEET | _Original  sueer no. 20.0 or oG ECO wo.

CANCELLING —SHEET NO. oF O G ECO No. 67
OKLAHOMA GAS AND ELECTRIC COMPANY o OKLLAHOMA  pivisioN
STANDARD RATE SCHEDULE PL-1 CODE NO 30
Power and Light Rate PL

EFFECTIVE IN: All territory served.

AVAILARILITY: Power and light service. Alternating current. Service will
be rendered at one location at one voltage. No resale, breakdown, auxiliary

or supplementary service permitted.

RATE: Demand Charge

On-Peak Season (Bills for energy used during meter reading periods
ending June 1 through October 31 of any year.)
$2. 20 per kW.per month of billing demand.

Off-Peak Season (Bills for energy used during meter reading periods
ending November 1 of any year through May 31 of the
succeeding year.)

$1.55 per kW per rnonth of billing demand.

Ene xigy Charge

First 15, 000 kWh per month @ 2. 968¢ per kWh
. Next 17,500 kWh per month @ 2.328¢ per kWh
Next 37,500 kWh per month @ 1. 897¢ per kWh
All Additional kWh per month @ 1. 6/11 ¢ per kWh

LATE PAYMENT CHARGE: A late payment charge in an amount equal to one
and one-half per cent (1 1/2%) of the total amount due on each monthly bill as
calculated under the above rate will be added if the bill is not paid on or before
the due date stated on the bill. The due date shall be ten (10) days after the
bill is mailed.

MINIMUM BILL: The minimum monthly bill shall be the demand charge plus
the energy charge including any applicable fuel cost adjustment, as computed .
under the above schedule., The Company shall specify a larger minimum
monthly bill, calculated in accordance with the Company's Allowable Expendi-
ture Formula in its Terms and Conditions of Service on file with and approved
by the Commission, when necessary to justify the investment required to

provide service,.
DETERMINATION OF MAXIMUM DEMAND: The consumer's maximum demand
shall be the maximum rate at which energy is used for any period of 15 consec-

utive minutes of the month for which the bill is rendered as shown by the
Company's demand meter, In the event a consumer taking service under this
rate has a demand meter with an interval greater than 15 minutes, the Company
shall have a reasonable time to change the metering device,

DETERMINATION OF BILLING DEMAND: The billing demand upon which the

demand charge is based shall be the maximum demand as determined above

{Continued) ]
R - TUTBIIls TENdEred 6l and aiier o
Jssued November 8 19 [ ___Effectiv @ No: *luﬂ“o 28 _lerr |
AMonth Da Y Wesr
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STANDARD RATE SHEET Ist Revised gueer no. 20.1 oroGcECO NO. 7
CANCELLING _-_Qrigin@LSHazr NO. 20.1 oF O G E CO NOo. 7 68

OKLAHOMA GAS AND ELECTRIC COMPANY OKLAHOMA DIVISION
STANDARD RATE SCHEDULE PL -1 CODE NO 3¢ :
' Power and IL.icht Rate PL |
(Continued) ;

corrected for power factor, as set forth under powér factor clause; provided,
that no billing demand shall be considered as less than 65% of the highest
On-Peak season billing demand previously determined during the 12 months
ending with the current month and shall never be less than 10 kW.

POWER FACTOR CLAUSE: The consumer shall at all times take and use power
in such manner that the power factor shall be as nearly 100% as possible, but
when the average power factor as determined by continuous measurement of l
lagging reactive kilovoltampere hours is less than 80%, the billing demand shall |
be determined by multiplying the maximum demand, shown by the demand meter '
for the billing period, by 80 and dividing the product thus obtained by the actual
average power factor expressed in per cent. The Company may, at its option,
use for adjustment the power factor as determined by test during periods of
normal operation of the consumer's equipment instead of the average power factor

FUEL COST ADJUSTMENT: The rate as stated above is based upon an average
cost of 81, 00 per million Btu for the cost of fuel burned at the Company's thermal
generating plants. The monthly bill as calculated under the above rate snall be
increased or decreased for each kWh consuried by an amount computed in
accordance with the following formula:

F.A, = A X B x C x 1

P

106 1-D
Where F. A, = The fuel cost adjustment factor (expressed in dollars per
kWh) to be applied per kWh consumed.

A = The weighted average Btu/kWh for net generation frcm the :
Company's thermal plants during the second calendar month
preceding the end of the billing period for which the kWh
usage is billed. -

B = The amount by which the average cost of fuel per million
Btu during the second calendar month preceding the end of |
the billing period for which the XWh usage is billed exceeds i
or is less than 31. 00 per million Btu. Any credits, refunds
or allowances con previously purchased fuel, received by the
Company from any source shall be deducted from the cost of
iuel before calculating "B!' each month,

(Continued) o
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STANDARD RATE SHEET v st Revisedsueer no. 20.2 or0GECO no. 7
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69
OKLAHOMA GAS AND ELECTRIC COMPARY . OKLAHOMA DIVISION
STANDARD RATE SCHEDULE PI,-1 CODE NO 30
Powe r and Light Rate PL
(Continued)
C = The ratio (expressed decimally) of the total net generation

from all the Company's thermal plants during the second
calendar month preceding the end of the billing period for
which the kWh usage is billed to the total net generation
from all the Company's plants including hydro generation
owned by the Company, or kWh produced by hydro generation
and purchased by the Company, during the same period.

"D = A loss factor, which is the ratio (expressed decimally) of
kWh losses (total kWh losses less losses of 2. 5% associated
with off-system sales) to net system input (tctal system
input less total kxWh in off-system sales) for the year ending
December 31st preceding. This ratio shall be based on
information as reported by the Company to the Federal Power
Commission in its Arpnual Report Form No. 1 and upon a
detailed report of off-system sales to the Commission.

This ratio will be used for twelve months and will be changed
beginning with the 1st of April each year,

FRANCHISE PAYMENT: Pursuant to Order No. 110730 and Rule 54(a)
of Order No. 104932 of the Corporation Commission of Oklahoma,
franchise taxes or payments (based upon a per cent of gross revenue) in
excess of 2% required by a franchise or other ordinance approved by the
qualified electors of a municipality, to be paid by the Company to the
munjcipality, will be added pro rata as a percentage of charges for
electric service, as a separate item, to the bills of all consumers
receiving service from the Company within the corporate limnits of the

municipality exacting the said tax or payment,

DISTRIBUTION VOLTAGE DISCOUNT: The rate as stated above is based on
service delivered at secondary voltage, Secondary voltage shall mean any
available standard voltage of the Company less than 2, 000 volts.

When electric service is supplicd by the Covnpany to the consumer at
a distribution voltage by either of the following methods, a discount of $0. 36 '
per kW of Billing Demand shall be allowed:

(1) At a prevailing distribution voltage through existing distribution

facilities when such facilities have suifficient capacity; or

{Continued)
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SHEET NO.

20.3
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CANCELLING 70

OKLAHOMA GAS AND ELECTRIC COMPANY OKLAHOMA DIVISION
STANDARD RATE SCHEDULE PL-T CODE NO 30
Pl

(Continued)

(2)

Power and I.ight Rate

than 2 kV but not exceeding 30 kV.)

Prevailing distribution voltage shall normally mean 12.47 kV or

Where distribution voltages of 12.47 kV

through 30 kV are not available, and a nominal voltage greater than 2 kV is

available, this voltage shall be considered the prevailing distribution voltage.
Prevailing transmission voltage shall normally mean 69 kV or

greater, except where 69 kV or greater is not available, but a nominal voltage

greater than 30 kV is available, the latter shall be considered the prevailing

greater, but not exceeding 30 kV,

transmission voltage,
If the Company chooses to meter on the load side of the consumer's

transformers, the kWh billed shall be increased by the amount of the trans-

former losses calculated as follows:

1% of the total kVA rating of the consumer's transformers

times 730 hours.

- TERM: Contracts under this schedule shall be for not less than one year, but
longer contracts subject also to special minimum guarantees may be necessary
ances or unusually large investments !
Such special minimum guarantees shall be calculated in
accordance with the Company's Allowable Expenditure Formula in its Terms
and Conditions of Service on file with and approved by the Commission.

in cases warranted by special circumst
by the Company.

o~ 4
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STANDARD RATE SHEET Original _ sueer nvo. 21.0 or oG ECO NO.

CANCELLING — SHEET NO. oFf O G E CO No.
71
OKLAHOMA GAS AMND ELECTRIC COMPANY o OKILLAHOMA DIVISION
STANDARD RATE SCHEDULE LPL-1 CODE NO 35
Large Power and Light Rate LPL
EFFECTIVE IN: All territory served.
AVAILABILITY: LLarge power consumers. Alternating current. Service will
be rendered at one location at one voltage. No resale, breakdown, auxiliary
or supplementary service permitted. :
RATE: Demand Charge
First 400 kW of billing demand @$2. 24 per kW per month
All Additional . kW of billing demand @$1. 64 per kW per month
Energy Charge
First 100, 000 kWh per month @1. 958¢ per kWh
Next 1,900, 000 kWh per month @1.553¢ per kWh
All Additional kWh per month Cl 484 ¢ per kWh
IATE PAYMENT CHARGE: A late paytﬁéﬁt charge in an amount equal
to one and one-half per cent (1 1/2%) of the total amount due on each

monthly bill as calculated under the above rate will be added if the bill | %
is not paid on or before the due date stated on the bill, The due date ’
shall be ten (10) days after the bill is mailed.

MINIMUM BILL: The minimum monthly bill shall be the demand charge plus

the energy charge including any applicable fuel cost adjustment, as computed
under the above schedule. The Company shall specify a larger minimum bill,
calculated in accordance with the Company's Allowable Expenditure Formula

in its Terms and Conditions of Service on file with and approved by the
Commission, when necessary to justify the investment requiréd to provide service,

DETERMINATION OF MAXIMUM DEMAND: The consumer's maximum demand
shall be the maximum rate at which energy is used for any period of 15 consecu-
tive minutes of the month for which the bill is rendered as shown by the Company's
demand meter. In the event a consumer taking service under this rate has a
demand meter with an interval greater than 15 minutes, the Company shall have

a reasonable time to change the metering device.

DETERMINATION OF BILLING DEMAND: The billing demand upon which the.
demand charge is based shall be the maximum demand as dete rmined above ‘
correc‘red for power factor, as set forth under power factor r‘lause provided,
that no billing demand shall be considered as.less than 65% of the highest billing

demand previously determined during the 12 months ending with the current month, K

and the billing demand shall never be less than 400 kW, :

(Continued) ‘
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STANDARD RATE SHEET lst Revisedsueer no. 21,1 oF CGECO No. 7
canceLLing _Criginal _ sueer no. 21.1 oroceEcowo. T 7
OKLAHOMA GAS AND ELECTRIC COMPANY OKLAHOMA DIVISION
STANDARD RATE SCHEDULE LPL-1 CODE NO 35
Large Power and Light Rate LPL

(Continued)

POWER FACTOR CLAUSE: The standard power factor upon which this rate is
based is a monthly average power factor of 80%. The average monthly power
‘factor shall be determined by instruments designed to record power factor
graphically, by the use of reactive component meter, or by other suitable
instruments at the option of the Company.
used the monthly average power factor shall be calculated from the monthly use
of kilowatt-hours ""A' as obtained from the integrating watt-hour meter and the
monthly use of lagging reactive kilovoltampere hours "B'' as obtained from the
reactive component meter by the following formula:

Monthly average power factor equals '"A'" divided by
the square root of (""A" squared plus "B!" squared).

When the average monthly power factor is more than 75% and less than 85%, no
power factor adjustment in billing demand shall be made. Whenever the average
monthly power factor is 75% or less or 85% or more, the monthly billing demand
shall equal the measured maximum demand multiplied by 80 and divided by the
monthly average pbwer factor expressed in per cent.

FUEL COST ADJUSTMENT: The rate as stated above is based upon an average
cost of §1. 00 per million Btu for the cost of fuel burned at the Company's thermal
generating plants. The monthly bill as calculated under the above rate shall be
increased or decreased for each kWh consumed by an amount computed in
accorcance with the following formula: ‘

F.A, = A x B x C x 1
| 106 1-D
Where F. A, = The fuel cost adjuétment factor (expressed in dollars per

kWh) to be applied per kWh consumed.

When the reactive component meter is |

A = The weighted average Btu/kWh for net generation from the
o o =1 ;
Company's thermal plants during the second czlendar month
preceding the end of the billing period for which the kWh
usage is billed,
S . (Continued)
“ebruary 3 1978 | mrfective Feobruary 16 1978 |
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OKLAHOMA GAS AND ELECTRIC COMPANY OKLAHOMA DIVISION
STANDARD RATE SCHEDULE I.PL-1 CODE NO 35
Large Power and Light Rate LPL
(Continued)

Tssued _February 3 ° 1978

Rates Autherized by 137677 — 26219
T(Oraer No.) (J. . No.) (Cause . e
Tssued by J. G. Harlow, Jr. President
: (ﬂv ame of Officer) (Title)

B = The amount by which the average cost of fuel per million
Btu during the second calendar month preceding the end of
the billing period for which the kWh usage is billed exceeds
or is less than $1. 00 per million Btu. Any credits, refunds
or allowances on previously purchased fuel, received by the
Company from any source shall be deducted from the cost of
fuel before calculating "B" each month.

C = The ratio (expressed decimally) of the total net generation
from all the Company's thermal plants during the second
calendar month preceding the end of.the billing period for
which the kWh usage is billed to the total net gsaneration
from all the Company's plants including hydro generation
owned by the Company, or kWh produced by hydro generation
and purchased by the Company, during the same period.

D - = Aloss factor, which is the ratio (expressed decimally) of
kWh losses (total kWh losses less losses of 2, 5% ascsociated
with off-system sales) to net system input (total system
‘input less total xWh in cif-system sales) for the year ending
December 31st preceding, This ratio shall be based on
information as reported by the Company to the Federal Power
Commission in its Annual Report Form No. 1 and upon a
detailed report of offi-system sales to the Commission,

This ratio will be used for twelve months and will be changed
beginning with the lst of April each year.

FRANCHISE PAYMENT: Pursuant to Order No, 110730 and Rule 54(a)
of Order No, 104932 of the Corporation Commission of Oklahoma,
franchise taxes or payments (based upon a per cent of gross revenue) in
excess of 2% required by a franchise or other ordinance approved by the
qualified electors of a municipality, to Le paid by the Company to the
municipality, will be added pro rata as a percentage of charges for
electric service, as a separate item, to the bills of all consumers

receiving service from the Cempany within the corporzate limits of the

municipality exacting the said tax or payment,

(Continued)
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STANDARD RATE SHEET _Original  sueer no. 21.3  or 0GECO No.

.CANCELLING_...___....__..______...SHEET NO. oF OGECO no. 74
OKLAHOMA GAS AND ELECTRIC COMPANY V OKILAHOMA DIVISION
STANDARD RATE SCHEDULE LPL-1 ' CODE NO 35
I.arge FPower and Light Rate LPL

(Continued)

DELIVERY VOLTAGE SURCHARGE OR DISCOUNT: (a) The rate as stated
above shall be applicable when electric service is supplied by the Company
to the consumer at a distribution voltage by either of the following methods:
(1) At a prevailing distribution voltage through existing distribution
facilities when such facilities have sufficient capacity; or
(2) By means of not more than one transformation from a prevailing
transmission voltage facility to a distribution voltage. (Distribu-
tion voltage shall mean a standard Company voltage greater than
2 kV but not exceeding 30 kV,) :

{(p) When power and energy are delivered by the Company to the consumer
at a voltage less than a prevailing distribution voltage or at a distribution
voltage made available by a method other than as stated in paragraph (a) ,
above, a transformation surcharge shall be included in the monthly billing
calculated as follows for each kW of Billing Dermand:

Transformation surcharge @ $0. 36 per kW per month.

(c) When power and energy are delivered by the Company to the consumer
at the prevailing transmission voltage of the Company's existing system, a
transmission voltage service discount shall be included in the monthly billing
calculated as follows for each kW of Billing Demand:

Transmission voltage service discount @ $0. 45 per kW
per meonth.

(d) Prevailing distribution voltage shall normally mean 12. 47 kV or greater,
but not exceeding 30 kV., Where distribution voltages of 12,47 kV through

30 kV are not available, and a nominal voltage greater than 2 kV is available,
. this voltage shall be considered the prevailing distribution voltage,

Prevailing transmission voltage shall nermally mean 69 kV or
greater, except where 69 kV or greater is not available, but a nominal voltage
greater than 30 kV is available, the latter shall be ccnsidered the prevailing
transmission voltage,

(Countinned) ¥
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CANCELLING —__ SHEET NO, oF O G ECO No.

75

OKLAHOMA GAS AND ELECTRIC COMPANY : OCKLAHOMA BIVISION

STANDARD RATE SCHEDULE LPL-1 CODE NO 35

Large Power and Light Rate LPIL

(Continued)

(e) If the Company chooses to install its metering equipment on the load side
of the consumer's transformers, the kWh billed shall be increased by the
amount of the transformer losses calculated as follows:

1% of the total kVA rating of the consumer's transformers
times 730 hours, '

TERM: Contracts under this schedule shall be for not less than one year,
but longer contracts subject also to special minimum guarantees may be
nécessary in cases warranted by special circumstances or unusually large
investments by the Company. Such special minimum guarantees shall be
calculated in accordance with.Company's Allowable Expenditure Formula in

its Terms and Conditions of Service on file with and approved by the Commis-
sion,

] Iy TTre ndeTEdTon TAand TRIte T
Tesued November 8 1977 _ Effective Noverher 28 1077 |
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OLTLULO309ACENERGY SFORT JD7903297

00010
00020
00030
00040
00050
00060
00070
00080
00050
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230

00240

00250
S 00260
00270
00280
00290
00300
00310
00320
00330

00340

00350
00340
00370
00380
00390
00400
00410
00420
00430

00440

00450
004460
00470
00480
00490
00500
00510
00520
00530
003540
00350
005460
00570
00580
00590
00600
00610
00620
00630

1002

P99

1000

2o

COMMON NOFRC100) y MRW 100 » MEUNCLOO) y DMNICLOO0) y HOFT CLOO) »
& NENGY (S500) yKWHCL00) »ALOADCLOO) y RTEMF » ARTU» BBTU » OHRA
& OHREs ATEMF » BTEMF y AHR» BHR» ACOST y BRCOST

& LOADCLO0) y NMACH y DL IMy NUBR » IMNN (100 y MACC (100D

COMMON /USERL/ FACHsLACHyHOTOT s HOTIN,COOLOTy COOLINY

& FANHRAsFANHREy FHF

REAL KWyRKVAyKVARYRKVARZ

WRITE (46+1002) :

FORMAT (/77777 XXkkckskosokkssoiok /7 ENERGY SIMULATOR'/
&7 KRR KKAOKKKKK ) :

WRITE (6+9299)

FORMATC/ /77773

WRITE (&91)

FORMAT (7 THIS FROGRAM ALLOWS MANAGERS TO TEST THE COST

& EFFECTIVENESS OF THEIR ENERGY‘/‘ SAVING IDEAS. THE 7
& COMFUTER WILL PROMPT THE USER AS NECESSARY./////)
DEOST=2,00
LIMAND=200
RTEMF=72
ARTU=60000
EETU=30000
OHRA=1800
OHRE=1200
ATEMF=68
RTEMF=78
AHR=10

EHR=10
VOLT=440
ACOST=,0000016
RCOST=,000004
AMF=500
FEF=.5

[IFF =, 8

FLAG=0
NMACH=5
NUER=0
ALOAD(L)=,7
ALOAD(R2)=,8
ALOADI(Z )=, 7
ALOADI(4 )=, 7
ALDAD(S ) =5
DL IM=100

00 50 K=1sNMACH
MRUN(K) =0
MKW (R ) =0
NOFR(K) =0
NENGY (K) =0
CONTINUE
MACH (1) =50
MACH(2) =50
MACH(3)=75
MACH (4)=100
MACH(5)=100
FACH=12500
DACH=6250
HOTOT=40
HOTIN=72
COOLOT=80
COOLIN=72
FANHRA=1800
FANHRE=1200"
FHF=10

77



AVAVAWEW AV

00660
00670
00680
Q04690
00700
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00811
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010
01020

200
300
400
500

1001

01030

01040
01050
01060
01070
01080
01090
01100
01110
01120
01130
01140
01150
01160
01170
01180
01190
01200
01210
01220
01230
01240
012590
01260
01270
01280

N

58]
<
3

10

Pow2innarn AN BT 1 W2 LA BN AW ¥ | [l L R | rrex [SSRELN P N (R S A A ) S AL ¥
&7 ENTER "1" 5 HOWEVER IF YOU WISH TO /7 STOF THE ‘v /8
&7 STMULATION ENTER "O0".'///)

REATY (Gyx) I

IF (I.NE.1) GO TO 1001

WRITE (46y3)

FORMAT ¢/ YOU D0 WANT TO SELECT AN ENERGY SAVING IDEA - 7y
&/ CORRECT? ENTER "1* - YES "0" - NO.’//)

REALIN (Gyk) :

IF (J«NE.1) GO TO 1000

WRITE (69242 ' '

FORMAT (7 THE FOLLOWING IS A LIST OF ENERGY SAVING IDEAS “»
&7 FRESENTED ON THIS PROGRAM’/‘7 ENTER THE NUMEER EBESIDE ‘s
&’ THE AFFPROFRIATE ENERGY IDEA.’//)

WRITE (63D

FORMAT ¢/ 1--FOWER FACTOR ANALYSIS /7 2--DEMAND 7y
&’ CONTROLLER?/‘ 3--TEMPERATURE CONTROL’/’ 4--VENTILATION “»
&’ CONTROL‘//)

READ (Ss%) KK

GO TO (200:300,4005500) yKK

GO TO 1000

call. FFACTR

GO TO 1000

Cal.l. DEMANI

GO TO 1000

Cal.l. TEMFT

GO TO 1000

Call. VENT

GO TO 1000

STOF

ENI

SURROUTINE FFACTR

COMMON NOFRCOLOO) y MEWCL100) s MRUNCLIOO0) « IMNIC100) s HOFT (100 »
& NENGY(300) s KWHCLO00) »ALOATICLOO)Y y RTEMF » ARTU» BETU » OHRA »

& OHREsATEMF» BTEMF s AHRy BEHR s ACOST y BCOST

COMMON ZUSER/ UCUSI.UMQQDvUOLTyAMfyFFFthFyMﬁCH(lOO)v
& LOADCLIOO0) yNMACHy DLIMy NUER » IMNNCL00) y MACC CL100)

COMMON ZUSERL/ FACHyTACHyHOTOTyHOTINS CODLOTy COOLINS
& FANMRAysFANHREs FHF

REAL KWsRKVAy KVAR Yy KUARZ

WRITE (&6¢7)

FORMAT (/77777 Xacsokssioiooloiosiolsolokekokok 7 /2 FOWER FACTOR »
&7 ANALYSIS /7 seciolokooioeksokkioloiookdokk 7 // /)

WRITE (&65202) :
FORMAT (/77 A MEDIUM SIZED METAL FARRICATING PLANT IN ‘7
&’ FERRYy OKLAHOMA UTILIZES A LARGE ‘// NUMBER OF OVERLY ‘v

&7 SIZED INDUCTION MOTORS AND WELDERS. LIGHTING IS ‘v

& FURNISHED /7 RBY SEVERAL HUNDRED EIGHT FOOT FLUORESCENTy
& LIGHTS. AT THE PRESENT TIME, THE /7 FACILITY IS ‘¥

& FAYING A PENALTY FOR RAD POWER FACTOR AND IS ‘s

& CONSIDERING CAFACITOR /7 FLACEMENT ON THE MAIN ‘»

&’ FEEDER LINE.?///)

WRITE (4¢2)

FORMAT (7 D0 YOU WISH TO RUN POWER FACTOR? ‘4
&’ ENTER "1° - YES "0" - NO'//)

REAI (Syx) I

IF (I.NE.1) RETURN

WRITE (699
FORMAT (7 IO YOU WISH TO SEE AN EXAMPLET
& ENTER "1" - YES "0" -~ NO.'//).

READ (Ss%) 1

IF (I.NE.Q) GO TO 1396

WRITE (6+10)

FORMAT (7 ENTER DATA AS REQUESTED RY COMFUTER IF “»

&7 NECESSARY T0O CHANGE.‘/’ TMPORTANTIIZ /¢ WHEN FNTFRTNG? «



\ LN
01310
01320
01330
01340
01350
01360
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01450
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
01610
01620
01630
01640
01650
01660
01670
01680
01690

01700

01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
01860
01870
01880
01890
019200
01910
01920
01930
01940

PYRV S WIS LR LS I N AN A
11 FORMAT (7 DEMAND CHARGE-$2.00 FER KW FER MONTH?/7 DO YOU
&/ WISH TO CHANGE?T ENTER "1* - YES "0" -~ NG./)
READ (Hyod T1
IF (II«NE.1) GO TO 101
READ (Gyd) NCOST
WRITE(620) DCOST
20 FORMAT (F7:2)
WRITE (&6530) :
30 FORMAT (/ CORRECT?T ENTER "1* - YES *"0" - NO.’/)
READ (S TII
IF (ITI.NE.1) GO TO 201
101 WRITE (6¢12)
12 FORMAT (7 BILLED KW DEMAND - 100 KW’/7 DO YOU WISH TO 7»¥
&’ CHANGET ENTER *1* -~ YES "0" - NO.7/)
READl (Ssx) A ‘
IF (JJ.NE.1) GO TO 102
REAL (SsX) DIIMAND
WRITE (46215 DIMAND
21 FORMAT (F7.2)
WRITE (4531) :
31 FORMAT (¢ CORRECT? ENTER *1° -~ YES "0" - NO.’/)
READ (GeX) JJJ '
IF (JJJNEL1)Y GO TO 101
102 WRITE (6+13) :
13 FORMAT (7 LINE VOLTAGE - 220 VOLTS’/7 DO YOU WISH TO ‘¥
&’ CHANGET ENTER "1" - YES "0" - NO.7/)
READ (GeXk) KK
IF (KK.NE.1) GO TO 103
READ (Gyd) VOLT
WRITE (6+22) VOLT
22 FORMAT (F7.2)
- WRITE (69323 -
32 FORMAT (7 CORRECT? ENTER "1" - YES "0" - NO.’/)
READI (S5¢%) KKK
IF (KKK.NE.1) GO TO 102
103 WRITE (b6s14)
14 FORMAT (7 LINE AMPERAGE - 80 aMFS’/7 DO YOU WISH TO 7y
&’ CHANGET ENTER 1% - YES "0" - NO.7/)
REA (SGy¥X) LL
IF (LLeNE.L) GO TO 104
REALl (SeX) AMF
WRITE (6:23) AMF
23 FORMAT (F7.2)
WRITE (46533)
33 FORMAT (7 CORRECTT ENTER "1" - YES "0" - NO."/)
REAT (Se3X) MMM
IF (MMM.NE.1) GO TO 103
104 WRITE (6¢13)
15 FORMAT (7 PRESENT FOWER FACTOR - .357/7 IO YOU WISH TO 7>
&’ CHANGET ENTER "1° - YES *0" - NO.’/)
READN (Sek) MM
IF (MMJ.NE.1) GO TO 1035
REAIN (SsX) FFPF
WRITE (6+24) FFPF
24 FORMAT (F7.2)
WRITE (46+40) :
40 - FORMAT (7 CORRECT? ENTER "1" - YES “0" - NO.’/)
REAIN (SeX) NNN
IF (NNN.NE.1) GO TO 104
105 WRITE (6r16) )
14 FORMAT (7 DESIRED FOWER FACTOR - .807/7 DO YOU WISH TO ‘s
&’ CHANGE?T ENTER "1" - YES "0" - NO.’/)
READ (SGy%) NN
- IF (NN.NE.1)Y GO TO 156

79



A

Ol‘)/()
01980
01920
Q2000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
021460
02170
02180
02190

02200 1

02210
02220
02230
02240
02250
022460
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450

ryes
.’ pu

41

156

43

39

19

114

02460 . -

02470
02480
02490
02300
02510
02520
02530
02540
02350
02560
02570
02580
02590
02600

111

S0

FORMAT (F7.2)

WRITE (4941 : '

FORMAT (7 CORRECTT ENTER "1* ~ YES *0" - NO.‘/)
REAT (Syk) LLL

IF C(LLLoNE.L1Y GO TG 105
FCOST=(OMANIK . 8/FFF ) XDCOST
RKW=(VOLT/1L000)XAMPRPFFXL . 732

RUAR=8QRT ((CVOLTZ1000)XAMPXL 7323 %%2 ~ RKWkk2)
RVA=KUW/TIFF

KVARZ2=8QRT ( C(KVAXXZ2) — (KWkx%2)))

TRVAR=RKVAR - KVARZ

NRKVAR=TRVAR + .35

CCOST=NKVARX18.50

WRITE (&6+43)

FORMAT(// /)

WRITE(6:39)

FORMAT (/7 THE FENALTY CHARGE I8 CALCULATELR USING A FERCEN'»
& TAGE O0F THE DEMAND CHARGE. /7 FOWER FACTORS GREATER 7»

& THAN 0.8 WILL OFTEN YIELD A BONUS. THE CAFACITOR 7/

&~ COST IS APFROXIMATELY $18.50 FER KVAR.7//)
SAVE=(IMANDX.8/FFF - DIMANDX.8/LFFIX2.00

FRACK=CCOST/SAVE

WRITE (6917) PPF?PCUST?HPF?CCUSTyPBACK

FORMAT (7 FRESENT FOWER FACTOR —"yF7. /’ MONTHLY FENALTY ‘v
&7 COBT~$/yF7.2/7 DESIRED FOWER FACTOR ~7»F7.2/7 CAPACT 7y

&7 TOR COST-$7#F7.2/7 FPAYRACK —~ “»F7.257 MONTHS)

WRITE (&6919) ' . .

FORMAT (7 IF YOU HAVE ANY QUESTIONS SEE MANUAL PAGE’

80

& ISI)
GO TO 1
ENII

SUBRROUTINE DEMAND

COMMON NOFRCLI00) y MKW (L1000 s MRUNCLIOO0) » IMNINCLOO) s HOFTCLOO Y »
& NENGY (G00) s KWHCLO0) s ALOADCIO0Y s RTEMF s ARTU s BBTU» OHRA »

& OHREsATEMP» BTEMFy AHRy BHRy ACOST » BCOST
COMMON ZUSER/ DCOSTy IMAND VOL T s AMF » FPF s DFF o MACH (100 ) »
& LOATICLIOO) s NMACH » DLLTM y NURR s DMNNCLO0) o MACC (106G

COMMON ZUSERL1/ FACHACHHOTOTyHOTIN CODLOT» COOL.INY
& FANHRAyFANHRE FHF

REAL KWy KVUAy KUARy KUARR

FLAG=0

WRITE (691)

FORMAT (/77777 R3cpsooicieocioikkiks /¢ DEMAND CONTROLLER'/

&7 ROk Nk S S/

WRITE (69114)

FORMAT (/77 A MEDIUM SIZED JOR SHOF IN CENTRAL OKLAHOMA
&7 IS BILLED WITH A DEMAND FENALTY.’ /7 THE FACILITY HAS ‘»
& A SERIES OF LARGE HORSEFOWER MOTORS WHICH ARE REING 7/
&7 CONTROLLED USING A SMALL MICROPROCESSOR. A8 THE DEMAND ¢
&7 APFROACHES THE “/7 LIMITe THE MOTORS ARE MOMENTARILY ‘v
&7 SHUT OFF. DEMAND CHARGE I8 $2.007/7 MULTIFLED BY THE 7
& HIGHEST AVERAGE DEMAND.//)

FLAG=0

o 50 K=1sNMACH

MRUN(K) =0

MKW (K) =0

NOFR(R) =0

CNENGY (K) =0

CONTINUE
MACH (1) =50
MACH(2)=50
MACH(3)=75
MACH(4) =100
MACH(S)=100

¥



02630
02640
02650
02640
02670
02680
02690
02700
02710
02720
02730
02740
02750
02760
02770
02780
02790
02800
02810
02820
02830
02840
02850
02840
02870
02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
02990
03000

113

30

1000

)

ae

364

35

i

200
&

03010

03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
032350
03260

9

10

700
11

13

14

4600
19

FORMAT (¢ 110 YOU WISH TO RUN LEMAND CONTROLLER?T? s

& ENTER *1' — YE§ "0% = NO‘//) | 81
READ (5% 1

IF (INE.1) RETURN

WRITE (&530) :

FORMAT (¢TI0 YOU WISH AN EXAMPLE? ENTER "1° -YES *0" ~-NO‘,
& //)

READ (5e%) I

IF (I.NE.O) GO TO 500

WRITE (&»2)

FORMAT (//7/ D0 YOU WISH TO ENTER YOUR OWN DATAT s

£/ ENTER "1% = YES "0 = NO.’//)

READ (Sy%) T

IF (I.NE.1) GO TO 510

WRITE (653) ~

FORMAT (' YOU DO WISH TO ENTER YOUR OWN HATA-CORRECT? s

8/ ENTER "1* ~ YES 0" ~ NO.’//)

READ (Se%) .

IF (JoNE.1) GO TO 1000

WRITE (&54)

FORMAT ¢ ENTER DATA AS REQUESTED EBY COMPUTER IFy

%/ NECESSARY TO CHANGE. /¢ IMPORTANT!!’/‘ WHEN ENTERING’s
& DECIMAL VALUESs PLACE ZERD BEFORE THE DECIMAL FOINT’/)
WRITE (6935)

FORMAT (° NUMEER OF MACHINES SIMULATED - 57/¢ DD YOU WISH?,
& ¢ TO CHANGET ENTER 1% -~ YES "0° - NO.’//)

READ (S5¢%) K

IF (K.NE.1) GO TO 900

READ (5s%) NMAGH

WRITE (655) NMACH

FORMAT (I5)

WRITE (&57) :

FORMAT (/ CORRECT? ENTER 1" - YES "0 = NO.’//)

READ (Ss%) I

IF (I.NE.1) GO TO 36

WRITE  (bré)

FORMAT (¢ MACHINE HORSEFOWERS- 50550575 10051007/7 D0 YOU' s
£ WISH TO CHANGE ENTER "1 ~ YES "0® — NO.’//) :
READ (5% L

IF (LWNE.1) GO TO 700

READ (Se%) (MACHCIY» I = 1yNMACH)

WRITE (&6+9) (MACHCIY s T = 1yNMACH)

FORMAT (1001%5)

WRITE (4510} _ :

FORMAT ¢ CORRECT? ENTER "1 ~ YES "0" ~ NO.‘//)

READ (Sek) M

IF (MeNE.1) GO TO 900

WRITE (&6¢11)

FORMAT (¢ CORRESFONDING MOTOR LOADNS =~ +7v.8s47v¢71.57/

& ¢ D0 YOU WISH TO CHANGE? ENTER. "1° - YES *0* ~ NO.’//)
READ (S5e%) N

IF (NJ.NE.1) GO TO 600

READ (5y %) (ALOADCI) s I=1yNMACH)

WRITE (6513) (ALOADCI)y I=1sNMACH)

FORMAT (100F5.,2)

WRITE (4r14) | :

FORMAT (7 CORRECT? ENTER "1° - YES "0% - NO.‘//)

READ (S5e%) I ‘ .

IF (I.NE.1) GO TO 700 \

WRITE (6519 -

FORMAT (¢ THE DEMANIN LIMIT IS 100 KW’/ IO YOU WISH TO CHA’»
£/ NGE? ENTER *1* — YES *0" = NO.’//)

READ (S5e%) I

IF (I.NE.1) GO TO 800



03250
03300
03310
03320
03330
03340
03350
03360
03370
03380
03390
03400
03410
03420
03430
03440
03450
03440
03470
03480
03490
03500
03510

03520

03530
03540
03550
03560
Q3570
03580
03590
034600
03610
034620
03630
03640
036350
03660
03670
03680
034690
03700
03710
03720
03730
03740
03750
03760
03770

03780 -

03790
03800
03810
03820
03830
03840
03850
03840
03870
03880
03890
03200
03910
03920

20

800
40
&

&

490
P99

87

298

FORMAT (F7.2)

WRITE (&y22) ' 82

FORMAT (7 CORRECTT ENTER "1" - YES 0" ~ NO.‘//)

READI (Sy%) I

IF (I.NE.1) GO TD 600

WRITE (&v40) _

FORMAT (7 THE DEMAND COST I8 $2.00/KW/ZMONTH’//7 D0 YOU WISH»
' TO CHANGE? ENTER "1 = YES "0" - NO.’//)

READ (Se%) 1

IF (I.NE.1) GO TO 500

READ (S5s%) DCOST

WRITE (&s41) DCOST

FORMAT (F7.2)

WRITE (6y42)

FORMAT (Y CORRECT? ENTER "1° -~ YES "0% - NO.‘//»

READ (S5s%) I .

IF (I.NE.1) GO TO 800

D0 510 I=1yNMACH '

MACC (T =MACH (T )

MACH (I ) =MACH(I)X.746

CONTINUE

WRITE (&vy21)

FORMAT (¢ DO YOU WANT DEMAND CONTROLT ENTER "1° - YEG‘.
CEQN - NDLI/S) .

READ (Se%) I

IF (I.NE.1) GO TO 400

IX=13471

IY=58731

Nz ()

0 1001 I=1y480

NeN41

0 999 J=1sNMACH

CALL RANDUC(IXsIYsRA)

IX=1Y

IF (RA.LE. 0.5) GO TO 490

NOFR(J)=1

GO TO 999

NOFR(J)=0

CONTINUE

CALL RANDUCIXsIYsRN)

IX=TY

NUM=INT (RNXFLOAT (NMACH)Y Y + 1

Ki=0

N0 998 K=NUMsNMACH

KW=KW+MACH (K ) kNOFR(K)

IF (KW.LT.OLIMY GO TO 897

Ki=KW-MACH (K Y kNOFR (K)

GO TO 996

MRUN (K ) =MRUNC(K) + 1XNDFR(K)

MKW CK) =MKW(K) + MACH(K)

CONTINUE

NNN=NUM~1

IF (NUMLEQ.1) GO TO 997

0 997 L=1sNNN

KW=KW + MACH(L) % NOPFR(L)

IF(KW.LT.OLIMY GO TO 898

KW=KW-MACH (LY XNOFR (L)

GO TO 996

898

997
996

MRUN (LY =MRUNCL) + 1XNOFRC(L)
MRW (L) =MKW (L)Y +HMACH (L)
CONTINUE

NENGY (I) =KW

IF (NJEQ.13) GO TO 9291

GO TO 1001



03950 TKW=0 83

039460 NGO=T-14 _

03970 no 290 NSUM=NGOs I
03980 TRW=NENGY (NSUM) + TRKW
03990 990 CONTINUE

04000 DMNINONUEBR ) =TRW/ 15

04010 1001 CONTINUE
04020 100 N=1

04030 IFLAG=0

04040 NFLAG=0

04050 ng 253 I=1+32
04060 DMNNCT ) =IMNINCI)

04070 253 CONTINUE
04080 101 IF (NLEQ.32) GO TO 104
04090 102 IF (DMNDOND) LTOMND(N+YL)Y ) GO TO 103

04100 N=N+1

04110 GO TO 101

04120 103 TEMP=TIMNI(N)

04130 DMNINON Y =DMNDONS L)

04140 DMNINONA L)Y =TEMF

04150 NFLAG=1

04160 N=N+1

04170 GO TO 101

04180 104 IFCINFLAGWEQ.0) + ANDL (IFLAG.EQ.0)) GO TO 1035
04190 N=1 '
04200 IFLAG=Q

04210 NFLAG=Q

04220 GO TO 102

04230 1035 WRITE (&968) _
04240 48 FORMAT (/777 THE MOTOR HORSEFOWERS ARE‘/)

04250 WRITE (46569) (MACCCI) »I=1sNMACH)
04260 69 FORMAT (10013)

04270 IF (FLAG.EQ.1) GO TO 67

04280 WRITE (4s66) DLIM

04290 66 FORMAT (7 THE DEMAND LIMIT IS »F7.2/7)
04300 67 COST=OMND (1) XDCOST

04310 no 106 K=1sNMACH

04320 WRITE (46913) KeMRUNCK)

04330 15 FORMAT (7 OFERATING TIME FOR MOTOR’»I3sI13)
04340 106 CONTINUE '

04350 no 107 M=1sNMACH

043460 HOFPT (M) =MRUN(M) 7460
04370 KWH (M) =HOFT (M) XMACH (M)
04380 107 CONTINUE

04390 Do 108 K=1sNMACH

04400 WRITE(Ss146) KeRWHOK)

04410 16 FORMAT (7 TOTAL KILOWATT HOURS FOR MOTOR’yI3¢I135)
04420 108 CONTINUE

04430 WRITE (&952) (IMNNCI)y I=1,32)

04440 52 FORMAT (7 THE AVERAGE DEMAND EACH FIFTEEN MINUTES I8 —=—'/y
04450 & BF7.2+/8F7.2y/8F7.2y/8F7.2)

04460 WRITE (6+17) DMNICL) 2 COST

04470 17 FORMAT (7 THE MAXIMUM AVERAGE DEMAND IS “sF10.2/

04480 &’ THE TOTAL DEMAND CHARGE FOR THE MONTH IS “yF10.2)

04490 WRITE (&6y53)

04500 53 FORMAT (7 IF YOU HAVE ANY QUESTIONSy SEE MANUAL FAGE )
04510 WRITE (6+51)

04520 51 CFORMAT (/7777

04530 - GO TO 111

04540 400 FLLAG=1

04550 WRITE (6+18)

04560 18 ~ FORMAT (7 THIS FROGRAM SIMULATES WORK FERIOD WITH NO’»
04570 © &7 DEMAND CONTROL.’//7)

04580  IX=34827



N TN N PY TN

04610 0o 2001 I=1,480 84
04620 N=Nt-1 :

04630 N0 1999 J=1syNMACH

04640 CALL RANDU (IXyIYyRA)

04650 IX=1Y

04660 IF (RAJLE. 0.5) GO TO 1490

04670 NOFRCJ) =1

04680 GO TO 1999

044690 14920 NOFRCGJI=0
04700 1999 CONTINUE

04710 CALL RANDUCIXsIYsRN)
04720 IX=IY :
04730 NUMB=INT (RNXFLOAT(NMACH? > + 1
04740 KW=0
04750 00 1998 K=NUMENMACH
64760 Ki=KW+MACH (K)YXNOFR(K)
04770 MRUN (R =MRUN (R +1RNOFR(OK)
04780 MKW (K Y =MRKW{K)Y+MACH (K XNOFR(K)
04790 1998 CONTINUE
04800 NNN=NUME-1
04810 IF (NUMR.EQ.L)Y GO TO 1997
04820 N0 1997 L=1ysNNN
04830 RKW=KW+MACH (L) XKNOFR (L)
04840 MRUNCL Y =MRUNCL Y+ 1RNDFR LD
04850 MKW LY =MEW LY +MACH (KDY ENOFR (LD
04860 1997 CONTINUE
04870 NENGY (I )=KUW
04880 IF(NLEQG.1S) GO TO 1991
04890 GO TO 2001
04900 1991 NUBR=NUBR+1
04910 N=0
04920 _ TRKW=0 ‘
04930 NGO=I-14
04940 . N0 1990 NSUM=NGOsI
04950 TRW=NENGY (NSUMY+TKW
04960 1990 CONTINUE
04970 DMNINONUBRY=TRKW/15
04980 2001 CONTINUE
04990 GO TO 100
Q35000 END
05010 SURROUTINE RANDU (IXsIYYFL)D
05020 IY=IXX65539 '
05030 IF (IY) Svb696
05040 5 IY=IY+2147483647+1
05050 & YFL=1Y
05060 . YFL=YFLX.0000000004656613
05070 RETURNL1
05080 ENII
05090 SUBROUTINE TEMFT
05100 . - COMMON NOFR(L100) y MKW (100 y MRUNCLO0) y IIMNIDN( L OO0 y HOFT(LOO ) »
05110 & NENGY(S500) s KWHC(100) s ALOADCL100) s RTEMF y ABTUs RRTUy OHRA »
05120 & OHREsATEMFyBTEMF»AHRy BHR» ACOST » BCOST
053130 COMMON ZUSER/Z DCOST s IIMAND s VOLT s AMF s FPF s DFF s MACH (100 »
05140 & LOADNCLOO0) s NMACH y DL IMy NUBRy IIMNN (100} y MACC (1009
03150 COMMON ZUSERL/ Fﬁ&H!Hﬂ[H!HOTUTyHUTINrFOOLUT!QUOL1Ny
051460 & FANHRAsyFANHREsFHF
05170 REAL RKWsKVAyRKVARy KUVARZ
05180 S WRITE (6912
05190 1 FORMAT (/77777 SRXKAOKRKXRKAFIKKAORK KKK /7 TEMPERATURE CONTROL‘/
05200 &7 REoR¥OKRKKKkkk kKKK /S )
05210 WRITE (&6y114)
03220 114 FORMAT (7 SURSTANTIAL SAVINGS CAN RE REALIZED RY SIMFLY “»
035230 & ANJUSTING THERMOSTAT SETTINGS.’/’ AFPROXIMATELY 3% FPER’»

NE2A0 2/ NMFARFF SFTRACK AND 4% FER DEGREE SETUF FROM A /7’ BASE’»



05270
05280
05290
05300
05310
05320
035330
05340
05350
05360
05370
05380
03390
05400
05410
05420
05430
05440
054350
05460
05470
05480
05490
05500
05510
053520
05530
05540
05550
05540
05570
05580
05590
05600
05610
05620
05630
05640
035650
05660

05670

05680
05690
05700
05710
05720
05730
05740
05750
QG760
05770
05780
05790
05800
05810
05820
05830
05840
03850
05860
05870
05880
05890
05900

113 FORMAT 7 DO YOU WISH TO RUN TEMPERATURE CONTROLT 7y
& ENTER "1" - YES "0" - NO'//) 85
REATI (Gex) 1
IF (I NE.1) RETURN
WRITE (692
2 FORMAT (7 DO YOU WISH TO SEE AN EXAMFLET ENTER "1° -~ YES ‘v
& "0" ~ NO//)
READ (Ss%) 1
IF (I.NE.O) GO TO 9293
WRITE (&493)
3 FORMAT (7 DO YOU WISH TO ENTER YOUR DATAT ENTER "1" - YES'»y
&7 "0" ~ NO7//)
REAIN (Gsx) I
IF (INE.1) GO TO 993
WRITE (b6¢4) :
4 FORMAT (7 ENTER DATA AS REQUESTED RY THE COMFUTER IF7»
&’ NECESSARY TO CHANGE. /7 IMPORTANT!! /7 WHEN ENTERING’
& DECIMAL VALUESy PLACE ZERO BEFORE THE DECIMAL FOINT’/)
P99 WRITE (653) RTEMF
] FORMAT ¢/ THE FRESENT THERMOSTAT SETTING IS sF7.2y7 F'/

& 7 N0 YOU WISH TO CHANGET ENTER *1°" - YES *0" - NO'//)
READ (Se¥) I '
IF (I.NE.1) GO TO 9298
REAN (Ss9%) RTEMF
WRITE (&6+6) RTEMF
b FORMAT (F7.2)
WRITE (&+7)
7 FORMAT (/ CORRECT? = ENTER "1" - YES "0° - NO'//)
READN (Gsx) I
IF (I.NE.1)Y GO TO 9299
998 WRITE (4658) ATEMFyBTEMF

8 . CFORMAT (7 THE SETRACK THERMOSTAT SETTING IS/ yF7.297 F7/
& THE SET UP THERMOSTAT SETTING IS sF7.2y7 F7°/
& DO YOU WISH TO CHANGET ENTER 1% - YES 0" - NO'//)
READ (SeXx) I
IF (T.NE.1) GO TO 997
REATY (SsX) ATEMF»BTEMF
WRITE (699) ATEMPsBTEMF
9 FORMAT (ZF7.2)
WRITE (46+10)
10 FORMAT (7 CORRECTT —~ ENTER "1" - YE& "0" - NO‘'//)
REATl (Ss%) 1 : :
IF (I.NE.1) GO TO 998
997 WRITE (&211) AHRyRHR
11 FORMAT (7 THE HOURS SETEACK ARE’ sF7.2/
&’ THE HOURS OF SET UF ARE’sF7.2/
&2 DO YOU WISH TO CHANGET ENTER "1 - YES "0" - NO‘//)
READN (GyXx) I
: IF (I.NE.1) G50 TO 9946
- READ (Gyk) AHRsBHR
WRITE (&6+12) AHR»RHR
12 FORMAT (2F7.2)
WRITE (6913 ,
13 FORMAT (7 CORRECT? - ENTER "1" - YE& *0" - NO’//)
READ (Ssx) 1
IF (I.NE.1) GO TO 997
996 WRITE (46:23) ' :
23 FORMAT (7 XkXAFFROXIMATELY ONE TON OF CONDITIONING=1 KWH?»
&7 =10000 BTUXXX"/) ‘
WRITE (&6:214) ARTULRETU .
14 FORMAT (7 THE HEATING ENERGY INFUT IS ‘,F12.2s7 RTU’/
&’ THE COOLING ENERGY INFUT IS »F12.2s7 BTU’/
&7 D0 YOU WISH TO CHANGE?T ENTER "1 - YES "0" - NO‘//)
- READ (Se%) I



05930 WRITE (46¢15) ARTUYERTU 86
05940 154G FORMAT (2F7.2) '

05950 WRITE (6y16) :

05960 16 FORMAT (7 CORRECT? - ENTER *1" - YES *0" - NO‘//)
05970 REAL (SsX) I

05980 IF (I.NE.1) GO T0O 9946

05990 995 WRITE (6917) OHRAyOHRE :
06000 17 FORMAT (7 THE ESTIMATED SEASONAL HEATER OFERATING HOURS ‘v»

06010 &7 IS7»F10.2/7 THE ESTIMATED SEASONAL AIR CONDITIONING ‘»
06020 &’ OFERATING HOURS IS’»F10.2/77 DO YOU WISH TO CHANGET »
06030 & ENTER "1% - YE& "0" - NO'//2

06040 READ (GsX) I

06050 IF (I.NE.1) GO TO 994

06060 REAL (Ss%) OHRAYOHRE

06070 WRITE (&6+18) OHRA»OHRE

06080 18 FORMAT (2F10.2)

06090 WRITE (46»19)

06100 19 FORMAT (7 CORRECT? - ENTER *1" - YES "0" - NO‘//)
06110 READ (GeX) I

06120 IF (I.NE.1) GO TO 995

06130 994 WRITE (462200 ACOSTRCOST
06140 20 FORMAT (7 THE ETU COST 0OF GAS IS AFPFROXIMATELY ‘&

06150 &7 $1.60/KCF ¥ KCF/Z1000000 RTU ='+F12.8/

06160 &7 THE RBTU COST OF ELECTRICITY IS AFFROXIMATELY? s
06170 & $0,04/KWH X KWH/Z710000 RBTU =/F12.8

06180 & /77 0 YOU WISH TO CHANGE?T ENTER "1% - YES 0" - NO'//)
06190 REA (GeX) I :
046200 IF (I.NE.1) GO TO 993

06210 REAT (Fsx%x) ACOST»EBCOST

06220 WRITE (46521) ACOSTsRCOST

06230 21 FORMAT (2F7.2)

06240  WRITE (6222 .

06250 22 FORMAT ¢/ CORRECT? - ENTER "1% - YES "0" - NO‘//)
06260 READ (S5ek) I

06270 IF (I.NE.1) GO TO 994

06280 993 CONTINUE

06290 HEAT=ACOSTXARTIXKOHRA

06300 HEAVE:= (RTEMF-ATEMF ) X (AHR/24)2 %0, 03XHEAT

06310 COOL=RCOST¥RETUXOHRE

06320 COAVE=(BTEMF-RTEMF )X (BHR/24)%0.,04%C00L

06330 WRITE (6y24) RTEMFsARTUyRETU OHRA» OHRE ATEMF s BTEMF » AHR y RHR
06340 &y ACOST Yy RCOST ‘ :

06350 24 FORMAT (/77 THE ESTIMATED NORMAL THERMOSTAT SETTING ‘v
06360 & IS “yF7.2y7 F7/7 HEATING ENERGY INFUT IS “sF12.2s7 RTU’/
06370 &’ THE COOLING ENERGY INFUT IS 7sFI12.2s7 RBTU’/

06380 &/ THE OFERATING HOURS DURING THE HEATING SEASON ARE‘»
06390 & F10.4/

06400 & THE OFERATING HOURS DURING THE COOLING SEASON ARE’ s
06410 & F10.4/

06420 - &’ THE DESIRED SETBACK TEMFERATURE, IS/ yF7.2¢7 F*/
06430 &7 THE DESIRED SET UF TEMFERATURE IS sF7.2+7 F7/

06440 &/ THE SETRACK TIME I8/sF7.2y’ HOURS FER DAY’/

06450 &/ THE SET UF TIME IS »F7.2y7 HOURS FER DAY’/

06460 & THE HEATING COST IS ¢/»F12.8y7 FER RTU’/

06470 &’ THE COOLING COST IS‘«F12.8y7 FER BTU'///)

06480 WRITE (6+23) HEATsHSAVE»COOL s CSAVE '

064920 25  FORMAT (4 THE HEATING COSTS FER YEAR ARE $/yF7.2/
063500 &’ THE FOTENTIAL HEATING SAVINGS ARE $/sF7.2//

06510 &’ THE COOLING COSTS FER YEAR ARE $/+F7.2/

06520 &’ THE FOTENTIAL SAVINGS ARE $/sF7.2/)

06530 WRITE (69263 '

06540 26 FORMAT (7 IF YOU HAVE ANY QUESTIONS SEE MANUAL FAGE 11D
06550 GO TO 111
06560 ENID



0&6590
04HA00
046610
086620
06630
06640
0464650
046651
06660
06670
06680
06690
Q&700
046710
06720
06730
06740
06750
06760
06770
06780
06790
046800
06810

06820

- 06830
046840
06850
06860
046870
06880
06870
0469200
069210
06920
06930
06940
06950
06960
046970
06980
046990
07000
07010
07020
07030
07040
070350
07060

Q7070 .

07080
07090
07100
07110
07120
07130
07140
07150
07160
07170
07180
07190
07200
07210

3

Z
700

100
&

8

200
9

10

11

300

12

& NENGY(S00) y KWHCLO00) v ALOADCLIOOY y RTEMF y ARTU» BRTUy OHRA »
& OHERy ATEMF » AHR» RHR» ACOST y BCOET

COMMON ZUSER/ DCOSTy DMANIL VOLT y AMF s FPF s DFF s MACHCLOO0) » 87
& LOADCLOO) s NMACH y DL IMy NUER » IMNNC100) yMACC (100D

COMMON ZUSERIL/Z FACH»DACHyHOTOTyHOTIN, COOLOTyCOOL TNy

& FANHRA FANHRE y FHF

REAL KWyKUAsRKUAR Yy KUARZ

RCOST=0.000004

WRITE (&91)

FORMAT (/77777 $xkkdoioioiokkskskskoiokkkk /7 VENTILATION CONTROL -’/
7 RXORRKAKKKAKKK K KAk /// /)

WRITE (&6¢2) '

FORMAT (/ A LARGE SIZE MANUFACTURING FACILITY IN “»

&/ STILLWATERy OKLAHOMA IS5 LOCATEDR IN A /7 WELL 7y

&/ INSULATED METAL FREFABRICATED BUILDING. AFTER 7y

£/ ANALYSIS OF FRESENT 7/ AIR CHANGES AND REQUIRED 7

& MAKE UF AIR CHANGESe THE COMPANY HAS DETERMINED 7»

&/ IT “/¢ MAY REDUCED PRESENT VENTILATION REQUIREMENTS'//)
WRITE (&6923)

FORMATCY DO YOU WISH TO RUN VENTILATION CONTROLT ‘s

&/ ENTER "1* -~ YES "Q' - NO’'//2

READI (Se%) T

IF (I.NE.1) RETURN

WRITE (&6r4)

FORMAT (7 DO YOU WISH TO SEE AN EXAMPLEY ‘¥

&’ ENTER ®"1" - YE& "O0" - NO'//)

READ (GsXx) I

IF (I.NE.Q) GO TO 600

WRITE (&+#35)

FORMAT (Y ENTER DATA AS REQUESTED RY COMFUTER IF‘y

&7 NECESSARY "y :
&4 TO CHANGE’/‘ IMFORTANTI! /7 WHEN ENTERING DRECIMAL VALUES
& PLACE ZERO BEFORE THE DECIMAL FOINT //)

WRITE (&4+6) FACHy DATH

FORMAT (° FRESENT MAKE UF AIR ISy F10.2+7 CFM’/

&/ DESIRED MARE UF AITR ISy F10.2¢7 CFM7/

&£/ 10 YOU WISH TO CHANGET ENTER "1" - YES "0" - NO'//)
READN (SeX) T

IF (I.NE.1) GO TO 200

READ (Ss9%) FACH»DACH

WRITE (6+7) FACH»DACH

FORMAT (2F10.2)

WRITE (46¢8)

FORMAT ( CORRECT? ENTER *1" - YES "0" - NO7//)

READ (Ss%x) 1

IF (I.NE.1) GO TO 100

WRITE (4659) HOTOT»HOTIN,COOLOTCOOLIN

FORMAT (7 AVERAGE HEATING SEASON QUTSIDE AIR TEMFERATURE s
& F7.2/7 AVERAGE HMEATING SEASON INDOOR AIR TEMFERATURE s

& F7.2/7 AVERAGE COOLING SEASON QUTSIDE TEMPERATURE sF7.2/
& ¢ AVERAGE COOLING SEASON INDOOR AIR TEMPERATURE' sF7.2/

& 4 N0 YOU WISH TO CHANGE?T ENTER "1" - YES "0" - NO‘//)
REAL (Ssx) 1

IF (I.NE.1) GO TO 300

READ (Syx) HOTOT»HOTIN»COOLOTyCOOLIN

WRITE (6103 HOTOT»HOTINyCOOLOT»COOLIN

FORMAT (4F7.2)

CWRITE (6»211)

FORMAT (7 CORRECTT ENTER *"1* - YES "0" - NO'//7)

READ (5¢%) 1

IF (I.NE.1) GO TO 200

WRITE (&4:12) FANHRAFANHRE

FORMAT (7 AVERAGE FAN MOTOR HEATING OPERATING HOURS‘sF10.2/
&/ AVERAGE FAN MOTOR COOLING OFERATING HOURS »F10.2/



07240
07250
07260

07270 1

07280
07290
07300
07310
07320
07330
07340
07350
073460
07370
07380
07390
07400
07410
07420
07430
07440
07450
07460
07470
07480
07490
07500
07510
07520
07530
07540
07350
07560
07570
07580
07590
07600
07610
07620
07630
)
07640
07650
07660
07670
07680
07690
07700
07710
07720
07730
07740
07750
07760
07770
07780
07790
07800
07810
07820
07830
07840
078350
07860

14

400

13

16

17

500

18

19

20

600

21

20
Ave Aoe

&
&

&

&

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
g

&

ITFCTGNELL)Y GO TO 400

REATL (Gyd) FANHRA FANHRE 88
WRITE (69133 FNAHRAsFANHRE .

FORMAT (2F10.2)

WRITE (6514) '

FORMAT (7 CORRECTT ENTER "1% - YES “0" - NO’'//)

REALI (3e¥) I

IF (I.NE.1) GO TO 300

WRITE (&6913) EBCOST

FORMAT (7 THE RTU COST OF ELECTRICITY IS5 APFROXIMATELY .
‘ $0.04/KWH ¥ KWH/710000 RTU =‘y F12.8/77 DO YOU WISH TO7y
© CHANGE? ENTER "1 - YES "0 - NO'//)

REATN (GeX) I ‘

IF (I.NE.1) GO TO 300

READ (Ssx) RBCOST

WRITE (&6s16) RBCOST

FORMAT (F10.8)

WRITE (6+17)

FORMAT (7 CORRECT? ENTER "1" - YES "0" - NO'//)

READ (Ssk) 1

IF (I.NE.1) GO TO 400

WRITE (6+18) FHF

FORMAT (/7 FAN HORSEFOWER IS‘y F7.2/77 IO YOU WISH TO v
£ CHANGE? ENTER "1° - YES "0" - NO°//)

READ (Ss¥) I

IF (I.NE.1) GO TO 4600

READ (Hs¥k) FHF

WRITE (6+19) FHF

FORMAT (F7.2)

WRITE (6920) '

FORMAT (7 CORRECT? ENTER "1% - YES "0" - NO’'//)

READ (GeX) I '

IF (I.NE.1) GO TO 3500

CONTINUE

HVENT =1, 08XFACHY (HOTIN~-HOTOT) XRBCOSTXFANHRA

HUSAV=1 . 08X (FACH~-TIACH ) X (HOTIN-HOTOT) ®*BCOSTXFANHRA
CUENT=1.08XFACHX(COOLOT~CO0L.ITN) XBCOSTHF ANHRE

CUSAV=1 . 08X (FACH-DACHY X (COOLOT-COOLIN) XECOSTXFANHRE
FANCT=FHF¥7460XRBCOSTX (FANHRA+FANHRE)
FANSU=FANCT-(C1-TIACH/FACH ) %% 30 XFHP X746 0% BCOSTX (FANHRA+HFANHRE

HFSAV=FHF~ ((1-DACH/FACH Y XX3 ) kFHF
WRITE (&6+21) FACHyDACHyHOTOTyHOTINCOOLOT» COOLINsFANHRAY
FANHRR» FHF y RCOST ' ~
FORMAT (’ THE FRESENT MAKE UF AIR VOLUME IS5/sF10.2y7 CFM‘/
C THE DESIRED MAKE UF AIR VOLUME IS/yF10.2¢7 CFM'/
© THE AVERAGE OUTDOOR HEATING SEASON TEMFERATURE IS7»
o F7.2y7 FU/
£ THE AVERAGE INDOOR HEATING SEASON TEMPERATURE ISy
F7.2¢7 F’'/ (
£ THE AVERAGE OUTDOOR COOLING SEASON TEMPERATURE IS’y
F7:2¢7 F7/
* THE AVERAGE INDOOR COOLING SEASON TEMFERATURE IS s
F7.2¢+7 F*/
THE AFFROXIMATE FAN OFERATING HOURS FER HEATING ‘v
SEASON IS7y F10.2y7 HOURS‘/
THE AFFROXIMATE FAN OFERATING HOURS FER COOLING ‘v
SEAGON ISy F10.2y7 HOURS/
THE AFFROXIMATE FRESENT FAN HORSEFOWER IS7sF7.2¢7 HF7/
THE AFPFROXIMATE COST OF ELECTRICITY I8/yF12.8»
FER BTU//7)
WRITE (6522) HVENTyHUSAV s CUENT yCUSAVYyFANCT s FANSVU Yy HFSAV
FORMAT (7 THE HEATING SEASON VENTILATION COST IS $/sF7.2/
* THE FOTENTIAL SAVINGS ARE $/sF7.2//

SOON S N N NS



07890
07900
07910
07920
07930
07940
‘READY

1

QRS Q¢ QR

SN N

'

GO
ENI

THE FAN OFERATING COST I8 $ /9F7.2v7 FER YEAR’/
THE POTENTIAL SAVINGS ARE $7yF7.2/
THE REDUCTION OF HORSEFOWER FOSSTELE I8 ¢ vF7.2/

IF YOU HAVE
TO 700

ANY QUEBTIONS SEE MANUAL FPAGE

IS

89





